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ICM7207/A CMOS Timebase Generator. 14-14 

ICM7208 7-Digit LED Display Counter. 14-19 

ICM7209 Timebase Generator. 14-26 

ICM7211 4-Dlglt LCD/LED Display Driver. 13-1 

ICM7212 4-Digit LCD/LED Display Driver. 13-1 

ICM7215 6-Digit LED Display 4-Function Stopwatch. 14-29 

ICM7216A 8-Digit Multi-Function Frequency Counter/Timer. 14-36 

ICM7216B 8-Diglt Multi-Function Frequency Counter/Timer. 14-36 

ICM7216C 8-Digit Frequency Counter. 14-36 

ICM7216D 8-Digit Frequency Counter. 14-36 

ICM7217 4-Digit LED Display Programmable Up/Down Counter. 14-54 

ICM7218 8-Digit LED Multiplexed Display Driver. 13-12 

ICM7224 4 Va-Digit LCD/LED Display Counter. 14-72 

ICM7225 4 y 2 -Dlglt LCD/LED Display Counter. 14-72 

ICM7226A/B 8-Dlgit Multi-Function Frequency Counter/Timer. 14-80 

ICM7227 4-Dlgit LED Display Programmable Up/Down Counter. 14-54 

ICM7228 8-Diglt LED Multiplexed Display Driver. 13-23 

ICM7231 Numeric Triplexed LCD Display Driver. 13-36 

ICM7232 Numeric Triplexed LCD Display Driver. 13-36 

ICM7233 Alphanumeric Triplexed LCD Display Driver. 13-36 

ICM7236 4 Vi-Digit Counter/Vacuum Fluorescent Display Driver. 14-93 

ICM7240 Programmable Timer. 14-98 

ICM7242 Long-Range Fixed Timer...14-108 

ICM7243 8-Character LED juP-Compatible Display Driver. 13-55 

ICM7249 5y2“Digit LCD ja-Power Event/Hour Meter.14-114 

ICM7250 Programmable Timer. 14-98 

ICM7555 General Purpose Timer.14-123 

ICM7556 Dual General Purpose Timer.14-123 

ID100 Dual Low Leakage Diode. 10-73 

ID101 Dual Low Leakage Diode. 10-73 

IH311 High Speed SPST 4-Channel Analog Switch. 8-54 

IH312 High Speed SPST 4-Channel Analog Switch. 8-54 

IH401 QUAD Varafet Analog Switch. 8-59 

IH401A QUAD Varafet Analog Switch. 8-59 
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IH5009 Quad 100 Ohm Virtual Ground Analog Switch. 8-65 

IH5010 Quad 150 Ohm Virtual Ground Analog Switch. 8-65 

IH5011 Quad 100 Ohm Virtual Ground Analog Switch. 8-65 

IH5012 Quad 150 Ohm Virtual Ground Analog Switch. 8-65 

IH5013 Triple 100 Ohm Virtual Ground Analog Switch. 8-65 

IH5014 Triple 150 Ohm Virtual Ground Analog Switch .. 8-65 

IH5015 Triple 100 Ohm Virtual Groung Analog Switch. 8-65 

IH5016 Triple 150 Ohm Virtual Ground Analog Switch. 8-65 

IH5017 Dual 100 Ohm Virtual Ground Analog Switch. 8-65 

IH5018 Dual 150 Ohm Virtual Ground Analog Switch. 8-65 

IH5019 Dual 100 Ohm Virtual Ground Analog Switch. 8-65 

IH5020 Dual 150 Ohm Virtual Ground Analog Switch. 8-65 

IH5021 Single 100 Ohm Virtual Ground Analog Switch. 8-65 

IH5022 Single 150 Ohm Virtual Ground Analog Switch . 8-65 

IH5023 Single 100 Ohm Virtual Ground Analog Switch . 8-65 

IH5024 Single 150 Ohm Virtual Ground Analog Switch . 8-65 

IH5040 SPST 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5041 Dual SPST 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5042 SPDT 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5043 Dual SPDT 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5044 DPST 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5045 Dual DPST 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5046 DPDT 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5047 4PST 75 Ohm High-Level CMOS Analog Switch. 8-72 

IH5048 Dual SPST 35 Ohm High-Level CMOS Analog Switch. 8-81 

IH5049 Dual DPST 35 Ohm High-Level CMOS Analog Switch. 8-81 

IH5050 SPDT 35 Ohm High-Level CMOS Analog Switch. 8-81 

IH5051 Dual SPDT 35 Ohm High-Level CMOS Analog Switch. 8-81 

IH5052 QUAD CMOS Analog Switch. 8-86 

IH5053 QUAD CMOS Analog Switch. 8-86 

IH5108 8-Channel Fault Protected Analog Multiplexer.. 9-1 

IH5116 16-Channel Fault Protected Analog Multiplexer. 9-10 

IH5140 SPST High-Level CMOS Analog Switch. 8-92 

IH5141 Dual SPST High-Level CMOS Analog Switch. 8-92 

IH5142 SPDT High-Level CMOS Analog Switch.... 8-92 

IH5143 Dual SPDT High-Level CMOS Analog Switch. 8-92 

IH5144 DPST High-Level CMOS Analog Switch . 8-92 

IH5145 Dual DPST High-Level CMOS Analog Switch. 8-92 

IH5148 Dual SPST High-Level CMOS Analog Switch. 8-103 

IH5149 Dual DPST High-Level CMOS Analog Switch. 8-103 

IH5150 SPDT High-Level CMOS Analog Switch . 8-103 

IH5151 Dual SPDT High-Level CMOS Analog Switch. 8-103 

IH5208 4-Channel Differential Fault Protected Analog Multiplexer. 9-14 

IH5216 8-Channel Differential Fault Protected Analog Multiplexer. 9-23 

IH5341 Dual SPST CMOS RF/Video Switch. 8-111 

IH5352 QUAD SPST CMOS RF/Video Switch. 8-117 

IH6108 8-Channel CMOS Analog Multiplexer . 9-27 

IH6116 16-Channel CMOS Analog Multiplexer. 9-33 

IH6201 Dual CMOS Driver/Voltage Translator... 9-40 

IH6208 4-Channel Differential CMOS Analog Multiplexer. 9-44 

IH6216 8-Channel Differential CMOS Analog Multiplexer. 9-50 

IH9108 8-Channel High-Voltage Multiplier with Latches. 9-56 

IM2110 256 X 12 Color Lookup Table and DAC. 4-46 
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IM26C91 Universal Asynchronous Receiver/Transmitter (DART) . 11-1 

IM29C128 Finite Impulse Response Filter Controller. 12-1 

IM29C510 CMOS 16x16 Bit, Multiplier/Accumulator. 12-7 

IM4702/4712 Baud Rate Generator. 11-19 

IM6402 Universal Asynchronous Receiver Transmitter (UART). 11-26 

IM6403 Universal Asynchronous Receiver Transmitter (UART). 11-26 

IT100 P-Channel JFET Switch. 10-75 

IT101 P-Channel JFET Switch. 10-75 

IT120 Dual NPN General Purpose Amplifier. 10-76 

IT120A Dual NPN General Purpose Amplifier. 10-76 

IT121 Dual NPN General Purpose Amplifier. 10-76 

IT122 Dual NPN General Purpose Amplifier. 10-76 

IT126 Monolithic Dual NPN General Purpose Amplifier. 10-78 

IT127 Monolithic Dual NPN General Purpose Amplifier. 10-78 

IT128 Monolithic Dual NPN General Purpose Amplifier. 10-78 

IT129 Monolithic Dual NPN General Purpose Amplifier. 10-78 

IT130 Monolithic Dual PNP General Purpose Amplifier. 10-80 

IT130A Monolithic Dual PNP General Purpose Amplifier. 10-80 

IT131 Monolithic Dual PNP General Purpose Amplifier. 10-80 

IT132 Monolithic Dual PNP General Purpose Amplifier. 10-80 

IT136 Monolithic Dual PNP General Purpose Amplifier. 10-82 

IT137 Monolithic Dual PNP General Purpose Amplifier. 10-82 

IT138 Monolithic Dual PNP General Purpose Amplifier. 10-82 

IT139 Monolithic Dual PNP General Purpose Amplifier. 10-82 

IT1700 P~Channel Enhancement Mode MOSFET General Purpose Amplifier. 10-87 

IT1750 N-Channel Enhancement Mode MOSFET General Purpose Amplifier/Switch. 10-88 

IT500 Monolithic Dual Cascoded N-Channel JFET General Purpose Amplifier. 10-84 

IT501 Monolithic Dual Cascoded N-Channel JFET General Purpose Amplifier. 10-84 

IT502 Monolithic Dual Cascoded N-Channel JFET General Purpose Amplifier. 10-84 

IT503 Monolithic Dual Cascoded N-Channel JFET General Purpose Amplifier. 10-84 

IT504 Monolithic Dual Cascoded N-Channel JFET General Purpose Amplifier. 10-84 

IT505 Monolithic Dual Cascoded N-Channel JFET General Purpose Amplifier. 10-84 

IT5911 Dual N-Channel JFET High Frequency Amplifier. 10-58 

IT5912 Dual N-Channel JFET High Frequency Amplifier. 10-58 

ITC5911 Dual N-Channel JFET High Frequency Amplifier . 10-58 

ITC5912 Dual N-Channel JFET High Frequency Amplifier . 10-58 

ITE4091 N-Channel JFET Switch. 10-19 

ITE4092 N-Channel JFET Switch. 10-19 

ITE4093 N-Channel JFET Switch. 10-19 

ITE4391 N-Channel JFET Switch. 10-26 

ITE4392 N-Channel JFET Switch. 10-26 

ITE4393 N-Channel JFET Switch. 10-26 

ITE4416 N-Channel JFET High Frequency Amplifier. 10-28 

J105 N-Channel JFET Switch. 10-89 

J106 N-Channel JFET Switch. 10-89 

J107 N-Channel JFET Switch. 10-89 

J108 N-Channel JFET Switch . 10-90 

J109 N-Channel JFET Switch . 10-90 

J110 N-Channel JFET Switch . 10-90 

J111 N-Channel JFET Switch. 10-91 

J112 N-Channel JFET Switch. 10-91 

J113 N-Channel JFET Switch. 10-91 

J174 P-Channel JFET Switch. 10-92 
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J175 P-Channel JFET Switch. 10-92 

J176P-ChannelJFET Switch. 10-92 

J177 P-Channel JFET Switch. 10-92 

J201 N-Channel JFET General Purpose Amplifier. 10-94 

J202 N-Channel JFET General Purpose Amplifier. 10-94 

J203 N-Channel JFET General Purpose Amplifier . 10-94 

J204 N-Channel JFET General Purpose Amplifier. 10-94 

J308 N-Channel JFET High Frequency Amplifier. 10-95 

J309 N-Channel JFET High Frequency Amplifier. 10-95 

J310 N-Channel JFET High Frequency Amplifier. 10-95 

LM114/H Monolithic Dual NPN General Purpose Amplifier. 10-97 

LM114A/AH Monolithic Dual NPN General Purpose Amplifier. 10-97 

LM4250 Programmable Operational Amplifier . 7-108 

Ml 16 Diode Protected N-Channel Enhancement Mode MOSFET General Purpose 

Amplifier. 10-99 

MM450 Dual Differential High Voltage Analog Switch. 8-122 

MM451 Four Channel High Voltage Multiplexer. 8-122 

MM452 Quad SPST High Voltage Analog Switch . 8-122 

MM455 Three SPST High Voltage Analog Switch. 8-122 

MM550 Dual Differential High Voltage Analog Switch. 8-122 

MM551 Four Channel High Voltage Multiplexer. 8-122 

MM552 Quad SPST High Voltage Analog Switch . 8-122 

MM555 Three SPST High Voltage Analog Switch. 8-122 

U1897 N-Channel JFET Switch.10-110 

U1898 N-Channel JFET Switch.10-110 

U1899 N-Channel JFET Switch.10-110 

U200 N-Channel JFET Switch.10-100 

U201 N-Channel JFET Switch.10-100 

U202 N-Channel JFET Switch.10-100 

U231 Dual N-Channel JFET General Purpose Amplifier.10-101 

U232 Dual N-Channel JFET General Purpose Amplifier.10-101 

U233 Dual N-Channel JFET General Purpose Amplifier.10-101 

U234 Dual N-Channel JFET General Purpose Amplifier.10-101 

U235 Dual N-Channel JFET General Purpose Amplifier.10-101 

U257 Dual N-Channel JFET High Frequency Amplifier.10-103 

U304 P-Channel JFET Switch.10-104 

U305 P-Channel JFET Switch.10-104 

U306 P-Channel JFET Switch.10-104 

U308 N-Channel JFET High Frequency Amplifier.10-106 

U309 N-Channel JFET High Frequency Amplifier.10-106 

U310 N-Channel JFET High Frequency Amplifier.10-106 

U401 Dual N-Channel JFET Switch.10-108 

U402 Dual N-Channel JFET Switch.10-108 

U403 Dual N-Channel JFET Switch.10-108 

U404 Dual N-Channel JFET Switch.10-108 

U405 Dual N-Channel JFET Switch.10-108 

U406 Dual N-Channel JFET Switch.10-108 

VCR11N Voltage Controlled Resistors.10-115 

VCR2N Voltage Controlled Resistors.10-112 

VCR3P Voltage Controlled Resistors.10-112 

VCR4N Voltage Controlled Resistors. 10-112 

VCR5P Voltage Controlled Resistors.10-112 

VCR7N Voltage Controlled Resistors.10-112 
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2N4224 

2N5105 

2N4416 

2N5519 

2N5519 

2SJ15 

2N2607 

2N4267 

3N163 

2N5114 

2N5114 

2N5520 

2N5520 

2SJ16 

2N2607 

2N4268 

3N161 

2N5114JAN 

2N5114JAN 

2N5521 

2N5521 

2SJ47 

♦* 

2N4302 

2N4302 

2N5114JANTX 

2N5114JANTX 

2N5522 

2N5522 

2SJ48 

*♦ 

2N4303 

2N5459 

2N5114JANTXV 

2N5114JANTXV 

2N5523 

2N5523 

2SJ49 

** 

2N4304 

2N5458 

2N5115 

2N5115 

2N5524 

2N5524 

2SJ50 

** 

2N4338 

2N4338 

2N5115JAN 

2N5115JAN 

2N5545 

2N3954 

2SJ78 

** 

2N4339 

2N4339 

2N5115JANTX 

2N5115JANTX 

2N5546 

2N3955A. 

2SJ79 


2N4340 

2N4340 

2N5115JANTXV 

2N5115JANTXV 

2N5547 

2N3955 

2SJ80 


2N4341 

2N4341 

2N5116 

2N5116 

2N5549 

2N4093 

2SK11 

2N5457 

2N4342 

2N5461 

2N5il6JAN 

2N5116JAN 

2N5555 

J310 

2SK12 

2N5457 

2N4343 

2N5462 

2N5116JANTX 

2N5116JANTX 

2N5556 

2N3685 

2SKI3 

2N5457 

2N4351 

2N4351 

2N5116JANTXV 

2N5116JANTXV 

2N5557 

2N3684 

2SK132 


2N4352 

3N163 

2N5117 

2N5117 

2N5558 

2N3684 

2SK133 

*♦ 

2N4353 

3N172 

2N5118 

2N5118 

2N5561 

U401 

2SK134 


2N4360 

2N5460 

2N5119 

2N5119 

2N5562 

U402 

2SK135 

** 

2N4381 

2N2609 

2N5120 

IT131 

2N5563 

U404 

2SK15 

2N4868 

2N4382 

2N5115 

2N5121 

IT132 

2N5592 

2N3822 

2SK17 

2N5484 

2N4391 

2N4391 

2N5122 

IT132 

2N5593 

2N3822 

2SK178 

*♦ 

2N4392 

2N4392 

2N5123 

IT131 

2N5594 

2N3822 

2SK179 

** 

2N4393 

2N4393 

2N5124 

IT132 

2N5638 

2N5638 

2SK18 

2N3821 

2N4416 

2N4416 

2N5125 

IT132 

2N5639 

2N5639 

2SK180 

*« 

2N4416A 

2N4416A 

2N5158 

2N5434 

2N5640 

2N5640 

2SK19 

ITE4416 

2N4417 

2N4416 

2N5159 

2N5433 

2N5647 

2N4117A 

2SK23 

2N5459 

2N4445 

2N5432 

2N5163 

2N3822 

2N5648 

2N4117A 

2SK30 

2N5458 

2N4446 

2N5434 

2N5196 

2N5196 

2N5649 

2N4117A 

2SK32 

2N3822 

2N4447 

2N5432 

2N5197 

2N5197 

2N5653 

2N5638 

2SK33 

2N5397 

2N4448 

2N5434 

2N5198 

2N5198 

2N5654 

2N5639 

2SK34 

2N3822 

2N4856 

2N4856 

2N5199 

2N5199 

2N5668 

2N5484 

2SK37 

2 N5484 

2N4856A 

2N4856A 

2N5245 

ITE4416 

2N5669 

2N5485 

2SK41 

2N5459 

2N4856JAN 

2N4856JAN 

2N5246 

2N5484 

2N5670 

2N5486 

2SK42 

2N3822 

2N4856JANTX 

2N4856JANTX 

2N5247 

2N5486 

2N5793 

IT129 

2SK43 

ITE4092 

2N4856JANTXV 

2N4856JANTXV 

2N5248 

2N5486 

2N5794 

IT129 

2SK44 

ITE4416 

2N4857 

2N4857 

2N5254 

IT132 

2N5795 

IT139 

2SK46 

2N5459 

2N4857A 

2N4857A 

2N5255 

1T132 

2N5796 

IT139 

2SK48 

2N3821 

2N4857JAN 

2N4857JAN 

2N5256 

IT130 

2N5797 

2N2608 

2SK49 

2N5484 

2N4857JANTX 

2N4857JANTX 

2N5257 

2N5457 

2N5798 

2N2608 

2SK50 

ITE4416 

2N4857JANTXV 

2N4857JANTXV 

2N5258 

2N5458 

2N5799 

2N2608 

2SK54 

2N3822 

2N4858 

2N4858 

2N5259 

2N5459 

2N5800 

2N2608 

2SK55 

2N3822 

2N4858A 

2N4858A 

2N5265 

2N2607 

2N5801 

2N4393 

2SK56 

2N5459 

2N4858JAN 

2N4858JAN 

2N5266 

2N2607 

2N5802 

2N4393 

2SK61 

2N5397 

2N4858JANTX 

2N4858JANTX 

2N5267 

2N2608 

2N5803 

2N4392 

2SK65 

J201 

2N4858JANTXV 

2N4858JANTXV 

2N5268 

2N2608 

2N5843 

IT 130 

2SK66 

2N3821 

2N4859 

2N4859 

2N5269 

2N2609 

2N5844 

IT130 

2SK68 

2N3822 

2N4859A 

2N4859A 

2N5270 

2N2609 

2N5902 

2N5902 

2SK72 

2N5196 

2N4859JAN 

2N4859JAN 

2N5277 

2N4341 

2N5903 

2N5903 

3GS 

2N3821 

2N4859JANTX 

2N4859JANTX 

2N5278 

2N4341 

2N5904 

2N5904 

3N145 

3N163 

2N4859JTXV 

2N4859JTXV 

2N5358 

2N4220 

2N5905 

2N5905 

3N146 

3N163 

2N4860 

2N4860 

2N5359 

2N4220 

2N5906 

2N5906 

3N147 

3N189 

2N4860A 

2N4860A 

2N5360 

2N4221 

2N5907 

2N5907 

3N148 

3N189 

2N4860JAN 

2N4860JAN 

2N5361 

2N4221 

2N5908 

2N5908 

3N149 

3N161 

2N4860JANTX 

2N4860JANTX 

2N5362 

2N4222 

2N5909 

2N5909 

3N150 

3N163 

2N4860JTXV 

2N4860JTXV 

2N5363 

2N4222 

2N5911 

2N5911 

3N151 

3N190 

2N4861 

2N4861 

2N5364 

2N4222 

2N5912 

2N5912 

3N155 

3N163 

2N4861A 

2N4861A 

2N5391 

2N4867A 

2N5949 

2N5486 

3N155A 

3N163 

2N4861JAN 

2N4861JAN 

2N5392 

2N4868A 

2N5950 

2N5486 

3N156 

3N163 

2N4861JANTX 

2N4861JANTX 

2N5393 

2N4869A 

2N5951 

2N5486 

3N156A 

3N163 

2N4861JANTXV 

2N4861JANTXV 

2N5394 

2N4869A 

2N5952 

2N5484 

3N157 

3N163 

2N4867 

2N4867 

2N5395 

2N4869A 

2N5953 

2N5484 

3N157A 

3N163 

2N4867A 

2N4867A 

2N5396 

2N4869A 

2N6085 

IT122 

3N158 

3N163 

2N4868 

2N4868 

2N5397 

2N5397 

2N6086 

IT122 

3N158A 

3N163 

2N4868A 

2N4868A 

2N5398 

2N5398 

2N6087 

IT121 

3N160 

3N161 

2N4869 

2N4869 

2N5432 

2N5432 

2N6088 

IT121 

3N161 

3N161 

2N4869A 

2N4869A 

2N5433 

2N5433 

2N6089 

IT122 

3N163 

3N163 

2N4878 

2N4878 

2N5434 

2N5434 

2N6090 

IT121 

3N164 

3N164 

2N4879 

2N4879 

2N5452 

2N5452 

2N6091 

IT121 

3N165 

3N165 

2N4880 

2N4880 

2N5453 

2N5453 

2N6092 

IT121 

3N166 

3N166 

2N4937 

IT131 

2N5454 

2N5454 

2N6441 

IT122 

3N167 

3N161 

2N4938 

ITI32 

2N5457 

2N5457 

2N6442 

IT122 

3N168 

3N161 

2N4939 

IT132 

2N5458 

2N5458 

2N6443 

IT122 

3N169 

3N170 

2N4940 

IT132 

2N5459 

2N5459 

2N6444 

IT122 

3N170 

3N170 

2N4941 

1T131 

2N5460 

2N5460 

2N6445 

IT121 

3N171 

3N171 

2N4942 

IT132 

2N5461 

2N5461 

2N6446 

IT121 

3N172 

3N172 

2N4955 

IT122 

2N5462 

2N5462 

2N6447 

IT121 

3N173 

3N173 

2N4956 

iT122 

2N5463 

2N5463 

2N6448 

IT121 

3N174 

3N163 

2N4977 

2N5433 

2N5464 

2N5464 

2N6451 

U310 

3N175 

3N170 

2N4978 

2N5433 

2N5465 

2N5465 

2N6452 

U310 

3N176 

3N170 

2N4979 

2N4859 

2N5471 

2N5265 

2N6453 

11^310 

3N177 

3N171 

2N5018 

2N5018 

2N5472 

2N5265 

2N6454 

tJ310 

3N178 

3N172 

2N5019 

2N5019 

2N5473 

2N5265 

2N6483 

2N6483 

3N179 

3N172 

2N5020 

2N2843 

2N5474 

2N5265 

2N6484 

2N6484 

3N180 

3N172 


^CONSULT FACTORY 


XXIi 



ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

3N181 

3N161 

AD7520SD 

AD7520SD 

AH0141D 

DG141AP 

BF805 

2N4869 

3N182 

3N161 

AD7520TD 

AD7520TD 

AH0141 D/883 

DG141AP/883B 

BF806 

2N4869 

3N183 

3N161 

AD7520UD 

AD7520UD 

AH0142CD 

DG142BK 

BF808 

2N4868 

3N188 

3N188 

AD7521JD 

AD7521JD 

AH0142D 

DG142AK 

BF810 

2N4858 

3N189 

3N189 

AD7521JN 

AD7521JN 

AH0142D/883 

DG142AK/883B 

BF811 

2N4858 

3N190 

3N190 

AD7521KD 

AD7521KD 

AH0143CD 

DG143BK 

BF815 

2N4858 

3N191 

3N191 

AD7521KN 

AD7521KN 

AH0143D 

DG143AK 

BF816 

2N4858 

3N207 

3N190 

AD7521LD 

AD7521LD 

AH0143D/883 

DG143AK/883B 

BF817 

2N4858 

3N208 

3N188 

AD7521LN 

AD7521LN 

AH0144CD 

DG144BK 

BF818 

2N4858 

3SK22 

2N5486 

AD7521SD 

AD7521SD 

AH0144D 

DG144AK 

BFQIO 

U401 

3SK23 

2N5397 

AD7521TO 

AD7521TD 

AH0144D/883 

DG144AK/883B 

BFQll 

U401 

3SK28 

2N5397 

AD7521UD 

AD7521UD 

AH0145CD 

DG145BP 

BF012 

U402 

42T 

2N4392 

AD7523AD 

AD7523AD 

AH0145D 

DG145AP 

BFQ13 

U403 

4360TP 

2N5462 

AD7523BD 

AD7523BD 

AH0145D/883 

DG145AP/883B 

BF014 

U404 

5033TP 

2N5460 

AD7523CD 

AD7523CD 

AH0146CD 

DG146BP 

BFQ15 

U405 

588U 

2N4416 

AD7523JN 

AD7523JN 

AH0146D 

DG146AP 

BFQ16 

U406 

58T 

2N5457 

AD7523KN 

AD7523KN 

AH0146D/883 

DG146AP/883B 

BFQ23 

IT5912 

59T 

2N4416 

AD7523LN 

AD7523LN 

AH0151CD 

DG151BK 

BFQ26 

U403 

703U 

2N4220 

AD7523SD 

AD7523SD 

AH0151D/883 

DG151AK/883B 

BFQ44 

IT5912 

704U 

2N4220 

AD7523TD 

AD7523TD 

AH0152CD 

DG152BK 

BFQ45 

IT5912 

705U 

2N4224 

AD7523UD 

AD7523UD 

AH0152D 

DG152AK 

BFQ49A 

2N3055 

707U 

2N4860 

AD7530JD 

AD7530JD 

AH0152D/883 

DG152AK/883B 

BFQ49B 

2N3958 

714U 

2N3822 

AD7530JN 

AD7530JN 

AH0153CD 

DG153BP 

BFQ49C 

2N3958 

734EU 

2N4416 

AD7530KD 

AD7530KD 

AH0153D 

DG153AP 

BFS21 

2N5199 

734U 

2N5516 

AD7530KN 

AD7530KN 

AH0153D/883 

DG153AP/883B 

BFS21A 

2N5199 

751U 

2N4340 

AD7530LD 

A07530LD 

AH0154CD 

DG154BK 

BFS67 

2N3821 

752U 

2N4340 

AD7530LN 

AD7530LN 

AH0154D 

DG154AK 

BFS67P 

2 N 5459 

753U 

2N4341 

AD7531JD 

AD7531JD 

AH0154D/883 

DG143AK/883B 

BFS68 

2N3823 

754U 

2N4340 

AD7531JN 

AD7531JN 

AH0155D 

DG151AK 

BFS68P 

2N4416 

755U 

2N4341 

AD7531KD 

AD7531KD 

AH0161CD 

DG161BP 

BFS70 

2N3821 

756U 

2N4340 

AD7531KN 

AD7531KN 

AH0161D 

DG161AP 

BFS71 

2N3822 

A190 

ITE4416 

AD7531LD 

AD7531LD 

AH0161 D/883 

DG161AP/883B 

BFS72 

2N3823 

A191 

ITE4416 

AD7531LN 

AD7531LN 

AH0162CD 

DG162BK 

BFS73 

2N3821 

A192 

2N4416 

AD7533AD 

AD7533AD 

AH0162D 

DG162AK 

BFS74 

2N4856 

A193 

2N5484 

AD7533BD 

A07533BD 

AH0162D/883B 

DG162AK/883B 

BFS75 

2N4857 

A194 

2N5484 

AD7533CD 

AD7533CD 

AH0163CD 

DG163BP 

BFS76 

2N4858 

A195 

2N5484 

AD7533JN 

AD7533JN 

AH0163D 

DG163AP 

BFS77 

2N4859 

A196 

ITE4416 

AD7533KN 

AD7533KN 

AH0163D/883 

DG163AP/883B 

BFS78 

2N4860 

A197 

ITE4391 

AD7533LN 

AD7533LN 

AH0164CD 

DG164BK 

BFS79 

2N4861 

A198 

ITE4392 

AD7533SD 

AD7533SD 

AH0164D 

DG164AK 

BFS80 

2N4416A 

A199 

ITE4393 

AD7533TD 

AD7533TD 

AH0164D/883 

DG164AK/883B 

BFTIO 

2N5397 

A5T3821 

2N5484 

AD7533UD 

AD7533UD 

AH5009CN 

IH5009CPD 

BFTll 

2N5019 

A5T3822 

2N5484 

AD7541AD 

AD7541AD 

AH5010CN 

IH5010CPD 

BFWIO 

2N3823 

A5T3823 

2N4416 

AD7541BD 

AD7541BD 

AH5012CN 

IH5012CPE 

BFWll 

2N3822 

A5T3824 

2N4341 

AD7541JN 

AD7541JN 

AH5013CN 

IH5013CPD 

BFW12 

2N4416 

A5T5460 

2N5460 

AD7541KN 

AD7541KN 

AH5014CN 

IH5014CPD 

BFW13 

2N4867 

A5T5461 

2N5461 

AD7541SD 

AD7541SD 

AH5015CN 

IH5015CPE 

BFW39 

IT 129 

A5T5462 

2N5462 

AD7541TD 

AD7541TD 

AH5016CN 

IH5016CPE 

BFW39A 

IT 120 

AD3954 

2N3954 

AD810 

2N4878 

ALD555 

ICM7555 

BFW54 

2N3822 

AD3954A 

2N3954A 

AD811 

2N4878 

ALD556 

ICM7556 

BFW55 

2N3822 

AD3955 

2N3955 

AD812 

2N4878 

AM5011CN 

IH5011CPE 

BFW56 

2N4860 

AD3956 

2N3956 

AD813 

2N4878 

BC264 

2N5458 

BFW61 

2N4224 

AD3958 

2N3958 

A0814 

IT124 

BC264A 

2N5457 

BFXll 

IT132 

AD589 

ICL8069 

AD815 

IT124 

BC264B 

2N5458 

BFX15 

IT122 

AD590 

AD590 

AD816 

IT120A 

BC264C 

2N5458 

BFX36 

IT131 

AD5905 

2N5905 

AD818 

IT 140 

BC264D 

2N4416 

BFX70 

IT122 

AD5906 

2N5906 

AD820 

IT132 

BCY87 

IT121 

BFX71 

IT122 

AD5907 

2 N5907 

A0821 

IT130A 

BCY88 

IT122 

BFX72 

IT122 

AD5908 

2N5908 

AD822 

IT130A 

BCY89 

IT122 

BFX78 

2N5397 

AD5909 

2N5909 

AD830 

2N5520 

BF244 

2N5486 

BFX82 

2N5019 

AD7506/COM/CHIPS 

IH6116C/D 

AD831 

2N5521 

BF244A 

2N5484 

BFX83 

2N5019 

AD7506/MIL/CHIPS 

IH6116M/D 

AD832 

2N5522 

BF244B 

2N5485 

BFX99 

IT120A 

AD7506JD 

IH6116CJI 

A0833 

2N5523 

BF244C 

2N5486 

BFY20 

IT122 

AD7506JD/883B 

IH6116CJI/883B. 

AD833A 

2N5524 

BF245 

2N5486 

BFY81 

IT122 

AD7506JN 

IH6116CP1 

AD835 

2N3954 

BF245A 

2N4416 

BFY82 

IT122 

AD7506KD 

IH6116CJI 

AD836 

2N3955 

BF245B 

2N4416 

BFY83 

IT122 

AD7506KD/883B 

IH6116CJI/883B 

AD837 

2N3955 

BF245C 

2N4416 

BFY84 

IT122 

AD7506KN 

IH6116CPI 

AD838 

2N3956 

BF246 

2N5485 

BFY85 

IT122 

AD7506SD 

IH6116MJI 

AD839 

2N3957 

BF246A 

2N5639 

BFY86 

IT122 

AD7506SD/883B 

IH6116MJI/883B 

AD840 

2N5520 

BF246B 

2N5638 

BFY91 

IT122 

AD7506TD 

IH6116MJI 

AD841 

2N5521 

BF246C 

2N5638 

BFY92 

IT122 

AD7506TD/883B 

IH6116MJI/883B 

AD842 

2N5523 

BF247 

2N4091 

BN 209 

IT122 

AD7507/COM/CHIPS 

IH6216C/D 

AH0126D 

DG126AP 

BF247A 

2N4091 

BSV22 

2N4416 

AD7507/MIL/CHIPS 

IH6216M/D 

AH0126D/883 

DG126AP/883B 

BF247B 

2N4091 

BSV78 

2N4856A 

AD7507JD 

IH6216CJI 

AH0129CD 

DG129BK 

BF247C 

2N4091 

BSV79 

2N4857A 

AD7507JD/883B 

IH6216CJI/883B 

AH0129D 

DG129AK 

BF256 

2N5484 

BSV80 

2N4858A 

AD7507JN 

IH6216CPI 

AH0129D/883 

DG129AK/883B 

BF256A 

2N5484 

BSX82 

2N3822 

AD7507KD 

IH6216CJI 

AH0133CD 

DG133BK 

BF256B 

2N4416 

C21 

2N3821 

AD7507KD/883B 

IH6216CJI/883B 

AH0133D 

DG133AK 

BF256C 

2N4416 

C2306 

2N5196 

AD7507KN 

IH6216CPI 

AH0133D/883 

DG133AK/883B 

BF320 

2N5461 

C38 

2N4338 

AD7507SD 

IH6216M/D 

AH0134CD 

DG134BK 

BF320A 

2N5460 

C413N 

2N5434 

AD7507SD/883B 

IH6216MJI/883B 

AH0134D 

DG134AK 

BF320B 

2N5461 

C610 

2N4392 

AD7507TD 

IH6216MJI 

AH0134D/883 

DG134AK/883B 

BF320C 

2N5462 

cell 

2N4221 

AD7507TD/883B 

IH6216MJ1/883B 

AH0139CD 

DG139BK 

BF346 

ITE4392 

C612 

2N4221 

AD7520JD 

AD7520JD 

AH0139D 

DG139AK 

BF347 

J201 

C613 

2N4221 

AD7520JN 

AD7520JN 

AH0139D/883 

DG139AK/883B 

BF348 

J310 

C614 

2N4220 

AD7520KD 

AD7520KD 

AH0140CD 

DG140BP 

BF800 

2N4867 

C615 

2N4221 

AD7520KN 

AD7520KN 

AH0140D 

DG140AP 

BF801 

2N4867 

C620 

2N4220 

AD7520LD 

AD7520LD 

AH0140D/883 

DG140AP/883B 

BF802 

2N4338 

C621 

2N4220 

AD7520LN 

AD7520LN 

AH0141CD 

DG141BP 

BF804 

2N4338 

C622 

2N4220 


^CONSULT FACTORY 


XXIII 




ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

C623 

2N4220 

0123AL 

0123AL 

0G152AP 

OG152AK 

0G191AL 

0G191AL 

C624 

2N4220 

D123AP 

0123AK 

DG152BP- 

DG152BK 

DG191AP 

DGM191AK 

C625 

2N4220 

0123BP 

0123BK 

OG153AL 

OG153AL 

0G191AP 

0G191AK 

C650 

2N4220 

0123BP 

0123BJ 

DG153AP 

OG153AP 

0G191BP 

0GM191CJ 

C651 

2N4220 

0125AL 

0125AL 

DG153BP 

OG153BP 

0G191BP 

0GM191BK 

C652 

2N4220 

0125AP 

0125AP 

0G154AL 

0G154AL 

0G191BP 

0G191BK 

C653 

2N4220 

0125BP 

0125BK 

0G154AP 

0G154AK 

0G200AAA 

0G200AA 

C6690 

2N4341 

0129AL 

0129AL 

0G154BP 

0G154BK 

0G200AAK 

DG200AK 

C6691 

2N4341 

0129AP 

0129AK 

0G161AL 

0G161AL 

0G200AAL 

DG200AL 

C6692 

2N4339 

0129BP 

0129BK 

DG161AP 

0G161AP 

0G200ABA 

0G200BA 

C673 

2N4341 

01301 

2N4222 

0G161BP 

0G161BP 

0G200ABK 

0G200BK 

C674 

2N4341 

01302 

2N4220 

DG162AL 

DG162AL 

DG200ACJ 

DG200CJ 

C680 

2N4338 

01303 

2N4220 

0G162AP 

OG162AK 

0G201AAK 

0G201AK 

C680A 

2N4338 

01420 

2N4868 

DG162BP 

0G162BK 

0G201ABK 

0G201BK 

C681 

2N4338 

01421 

2N3822 

0G163AL 

OG163AL 

0G201ACJ 

0G201CJ 

C681A 

2N4338 

01422 

2N4869 

DG163AP 

0G163AP 

0G211CJ 

0G211CJ 

C682 

2N4339 

02T2218 

IT129 

0G163BP 

OG163BP 

OG212CJ 

0G212CJ 

C682A 

2N4339 

02T2218A 

IT129 

0G164AL 

0G164AL 

0G381AA 

0GM182AA 

C683 

2N4339 

02T2219 

IT129 

DG164AP 

0G164AK 

0G381AK 

0GM182AK 

C683A 

2N4339 

02T2219A 

IT129 

0G164BP 

0G164BK 

0G381AP 

0GM182AK 

C684 

2N4220 

02T2904 

IT139 

0G180AA 

0G180AA 

OG381BA 

0GM181BA 

C684A 

2N4220 

D2T2904A 

IT139 

DG180AL 

DG180AL 

DG381BK 

DGM181BK 

C685 

2N4220 

02T2905 

IT139 

0G180AP 

OG180AK 

0G381BP 

0GM181BK 

C685A 

2N4220 

02T2905A 

IT139 

OG180BA 

0G180BA 

0G381CJ 

0GM181CJ 

C80 

2N4338 

02T918 

IT129 

DG180BP 

0G180BK 

0G384AK 

0GM185AK 

C81 

2N4338 

OA102 

2N5196 

0G181AA 

0GM181AA 

0G384AP 

0GM185AK 

C84 

2N4338 

0A402 

2N5196 

0G181AA 

0G181AA 

0G384BK 

0GM184BK 

C85 

2N4338 

0AC1020LC0 

A07520L0 

0G181AL 

0GM181AL 

0G384BP 

0GM184BK 

C91 

2N4858 

0AC1020L0 

A07520U0 

0G181AL 

0G181AL 

0G384CJ 

0GM184CJ 

C92 

2N4091 

0AC1021LC0 

A07520KD 

DG181AP 

0GM181AK 

OG387AA 

0GM188AA 

C93 

2N4393 

0AC1021L0 

A07520TD 

DG181AP 

0G181AK 

0G387AK 

0GM188AK 

C94 

2N5457 

DAC1022LCO 

A07520JD 

DG181BA 

0GM181BA 

DG387AP 

DGM188AK 

C94E 

2N5457 

0AC1022L0 

A07520S0 

0G181BA 

0G181BA 

0G387BA 

0GM187BA 

C95 

2N5457 

0AC1218LC0 

A07541B0 

0G181BP 

0GM181CJ 

OG387BK 

0GM187BK 

C95E 

2N5459 

0AC1218LCN 

A07541LN 

0G181BP 

0GM181BK 

OG387BP 

0GM187BK 

C96E 

2N5484 

0AC1218LCN 

A07541KN . 

DG181BP 

0G181BK 

0G390AK 

0GM191AK 

C97E 

2N3822 

0AC1219LC0 

A07541AD 

0G182AA 

0GM182AA 

0G390AP 

0GM191AK 

C98E 

2N3822 

0AC1219LCN 

A07541JN 

0G182AA 

0G182AA 

0G390BK 

0GM190BK 

CA555 

ICM7555 

OAC1220LCO 

A07521LD 

0G182AL 

0GM182AL 

0G390BP 

0GM190BK 

CA556 

ICM7556 

0AC1220L0 

A07521UD 

DG182AL 

0G182AL 

0G390CJ 

0GM190CJ 

CC4445 

2N5432 

0AC1221LC0 

A07521KD 

0G182AP 

0GM182AK 

0G503 

A0503 

CC4446 

2N5434 

DAC1221L0 

AD7521TD 

DG182AP 

DG182AK 

DG5040AK 

IH5040MJE 

CC697 

2N4856 

0AC1222LC0 

A07521J0 

OG182BA 

0GM182BA 

OG5040CJ 

IH5040CPE 

CD22001H 

ICM1424C 

0AC1222L0 

A07521S0 

DG182BA 

0G182BA 

0G5040CK 

IH5040CJE 

CD22015E 

ICM7051A 

0G123AL 

0G123AL 

DG182BP 

0GM182CJ 

0G5041AK 

IH5041MJE 

CF2386 

2N5458 

OG123AP 

0G123AP 

DG182BP 

OGM182BK 

0G5041CJ 

IH5041CPE 

CF24 

2N3824 

0G123BP 

OG123BP 

0G182BP 

0G182BK 

0G5041CK 

IH5041CJE 

CFM13026 

2N4858 

0G125AL 

OG125AL 

0G183AL 

0G183AL 

0G5042AK 

IH5042MJE 

CM600 

2N4092 

0G125AP 

OG125AP 

0G183AP 

0G183AP 

0G5042CJ 

IH5042CPE 

CM601 

2N4091 

OG125BP 

OG125BP 

0G183BP 

0G183BP 

0G5042CK 

IH5042CJE 

CM602 

2N4091 

0G126AK 

OG126AP 

0G184AL 

0GM184AL 

0G5043AK 

IH5043MJE 

CM603 

2N4091 

0G126AL 

OG126AL 

0G184AL 

0G184AL 

DG5043CJ 

IH5043CPE 

CM640 

2N4093 

0G126BP 

OG126BP 

0G184AP 

0GM184AK 

0G5043CK 

IH5043CJE 

CM641 

2N4093 

0G129AL 

OG129AL 

0G184AP 

0G184AK 

0G5044AK 

IH5044MJE 

CM642 

2N4093 

0G129AP 

0G129AK 

0G184BP 

0GM184CJ 

0G5044CJ 

IH5044CPE 

CM643 

2N4092 

0G129BP 

0G129BK 

0G184BP 

0GM184BK 

0G5044CK 

IH5044CJE 

CM644 

2N4092 

0G133AL 

0G133AL 

DG184BP 

0G184BK 

0G5045AK 

IH5045MJE 

CM645 

2N4092 

0G133AP 

0G133AK 

DG185AL 

0GIVI185AL 

0G5045CJ 

IH5045CPE 

CM646 

2N4092 

0G133BP 

0G133BK 

DG185AL 

0G185AL 

0G5045CK 

IH5045CJE 

CM647 

2N4091 

0G134AL 

0G134AL 

DG185AP 

OGM185AK 

0G506AAK 

1H6116MJI 

CM650 

2N5432 

0G134AP 

0G134AK 

OG185AP 

OG185AK 

0G506ABK 

IH6116CJI 

CM651 

2N5433 

0G134BP 

0G134BK 

0G185BP 

0GM185CJ 

0G506ACJ 

IH6116CPI 

CM652 

2N5432 

0G139AL 

0G139AL 

OG185BP 

OGM185BK 

0G507AAK 

IH6216MJI 

CM653 

2N5433 

0G139AP 

0G139AK 

0G185BP 

OG185BK 

0G507ABK 

IH6216CJI 

CM697 

2N5433 

0G139BP 

0G139BK 

DG186AA 

0G186AA 

0G507ACJ 

IH6216CPI 

CM800 

2N5433 

0G140AL 

0G140AL 

0G186AL 

0G186AL 

0G508AAK 

IH6108MJE 

CM856 

2N5433 

0G140AP 

0G140AP 

0G186AP 

0G186AP 

0G508ABK 

IH6108CJE 

CM860 

2N4868A 

0G140BP 

0G140BP 

0G186BA 

0G186BA 

0G508ACJ 

IH6108CPE 

CMX740 

2N5432 

0G141AL 

0G141AL 

0G186BP 

0G186BP 

0G509AAK 

IH5208MJE 

CP640 

2N4091 

0G141AP 

0G141AP 

0G187AA 

OG187AA 

0G509ABK 

IH6208CJE 

CP643 

2N5434 

0G141BP 

0G141BP 

DG187AL 

OG187AL 

0G509ACJ 

IH6208CPE 

CP650 

2N5432 

0G142AL 

0G142AL 

DG187AP 

0G187AK 

0G5140AK 

IH5140MJE 

CP651 

2N5433 

0G142AP 

OG142AK 

DG187BA 

0G187BA 

0G5140CJ 

IH5140CPE 

CP652 

2N5433 

0G142BP 

OG142BK 

OG187BP 

OG187BK 

0G5140CK 

IH5140CJE 

CP653 

2N5433 

0G143AL 

0G143AL 

0G188AA 

OG188AA 

0G5141AK 

IH5141MJE 

DllOl 

2N3821 

0G143AP 

0G143AK 

0G188AL 

0G188AL 

0G5141CJ 

IH5141CPE 

D1102 

2N3821 

0G143BP 

0G143BK 

0G188AP 

0G188AK 

0G5141CK 

IH5141CJE 

D1103 

2N4338 

0G144AL 

0G144AL 

0G188BA 

0G188BA 

0G5142AK 

IH5142MJE 

D1177 

2N3821 

0G144AP 

0G144AK 

0G188BP 

0G188BK 

0G5142CJ 

IH5142CPE 

D1178 

2N3821 

0G144BP 

0G144BK 

0G189AL 

0G189AL 

0G5142CK 

IH5142CJE 

D1179 

2N4338 

0G145AL 

0G145AL 

0G189AP 

0G189AP 

0G5143AK 

IH5143MJE 

D1180 

2N3822 

0G145AP 

0G145AP 

DG189BP 

0G189BP 

0G5143CJ 

IH5143CPE 

D1181 

2N4338 

0G145BP 

0G145BP 

OG190AL 

0GM190AL 

0G5143CK 

IH5143CJE 

D1182 

2N4338 

0G146AL 

0G146AL 

OG190AL 

0G190AL 

0G5144AK 

IH5144MJE 

01183 

2N4341 

0G146AP 

OG146AP 

OG190AP 

0GM190AK 

0G5144CJ 

IH5144CPE 

01184 

2N4340 

0G146BP 

0G146BP 

0G190AP 

OG190AK 

0G5144CK 

IH5144CJE 

01185 

2N4339 

0G151AL 

0G151AL 

OG190BP 

0GM190CJ 

OG5145AK 

IH5145MJE 

01201 

2N4224 

0G151AP 

0G151AK 

0G190BP 

OGM190BK 

0G5145CJ 

IH5145CPE 

01202 

2N3821 

0G151BP 

0G151BK 

DG190BP 

0G190BK 

0G5145CK 

IH5145CJE 

01203 

2N4220 

OG152AL 

0G152AL 

OG191AL 

0GM191AL 

0N3066A 

2N3821 


^CONSULT FACTORY 
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ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

DN3067A 

2N4338 

E411 

IT5911 

FM3956 

2N3956 

HI1-0507A-8 

IH5216MJI/883B 

DN3068A 

2N4338 

E412 

IT5911 

FM3957 

2N3957 

HI 1-0508-2 

IH6108MJE 

DN3069A 

2N3822 

E413 

2N5454 

FM3958 

IT5911 

HI 1-0508-5 

IH6108CJE 

DN3070A 

2N3821 

E414 

2N3956 

FP4339 

2N4339 

HI 1-0508-8 

IH6108MJE/883B 

DN3071A 

2N4338 

E415 

2N3957 

FP4340 

2N4340 

HI1-0508A-2 

IH5108MJE 

DN3365A 

2N4220 

E420 

IT5911 

FT0654A 

2N5486 

HI1-0508A-5 

IH5108IJE 

DN3365B 

2N4091 

E421 

IT5912 

FT0654B 

2N5486 

HI1-0508A-8 

IH5108MJE/883B 

DN3366A 

2N3686 

E430 

J309(X2) 

FT0654C 

2N4221 

HI 1-0509-2 

IH6208MJE 

DN3366B 

2N4091 

E431 

J310(X2) 

FT0654D 

2N4221 

HI 1-0509-5 

IH6208CJE 

DN3367A 

2N3687 

ESM25 

U401 

FT3820 

2N5460 

HI 1-0509-8 

IH6208MJE/883B 

DN3367B 

2N4091 

ESM25A 

U401 

FT3820 

2N5019 

HI1-0509A-2 

IH5208MJE 

DN3368A 

2N4341 

ESM4091 

2N4091 

FT3909 

2N5019 

HI1-0509A-5 

IH5208IJE 

DN3368B 

2N4221 

ESM4092 

2N4092 

FT703 

3N161 

HI1-0509A-8 

IH5208MJE/883B 

DN3369A 

2N4339 

ESM4093 

2N4093 

FT704 

3N163 

HI 1-5040-2 

IH5040MJE 

DN3369B 

2N4220 

ESM4302 

2N5457 

G118AL 

G118AL 

HI 1-5040-5 

IH5040CJE 

DN3370A 

2N4338 

ESM4303 

2N5459 

G118AP 

G118AK 

HI 1-5040-8 

IH5040MJE/883B 

DN3370B 

2N4338 

ESM4304 

2N5458 

G123AL 

G123AL 

Hll-5041-2 

IH5041MJE 

DN3436A 

2N4341 

ESM4445 

2N5432 

G123AP 

G123AK 

Hll-5041-5 

IH5041CJE 

DN3436B 

2N4222 

ESM4446 

2N5434 

GET5457 

2N5457 

HI 1-5041-8 

IH5041MJE/883B 

DN3437A 

2N4340 

ESM4447 

2N5432 

GET5458 

2N5458 

HI 1-5042-2 

IH5042MJE 

DN3437B 

2N4220 

ESM4448 

2N5434 

GET5459 

2N5459 

HI 1-5042-5 

IH5042CJE 

DN3438A 

2N4338 

FE0654A 

2N4386 

HA2720 

ICL8021 

HI 1-5042-8 

IH5142MJE/883B 

DN3438B 

2N4339 

FE0654B 

2N5485 

HA7807 

IT132 

HI 1-5043-2 

IH5143MJE 

DN3458A 

2N4341 

FEIOO 

2N3821 

HA7809 

IT132 

HI 1-5043-5 

IH5143CJE 

DN3458B 

2N4222 

FEIOOA 

2N3821 

HD43871 

ICM7050H 

HI 1-5043-8 

IH5143MJE/883B 

DN3459A 

2N4339 

FE102 

2N4119 

HD43871 

ICM7050G 

HI 1-5044-2 

IH5144MJE 

DN34598 

2N4220 

FE102A 

2N4119 

HDIG1030 

3N163 

HI 1-5044-5 

IH5144CJE 

DN3460A 

2N4338 

FE104 

2N4118 

HEP801 

2N3822 

HI 1-5044-8 

IH5144MJE/883B 

DN3460B 

2N4220 

FE104A 

2N4118 

HEP802 

2N5484 

HI 1-5045-2 

IH5145MJE 

DNXl 

2N4338 

FE1600 

2N4092 

HEP803 

2N5019 

HI 1-5045-5 

IH5145CJE 

DNX2 

2N4338 

FE200 

2N3821 

HEPF0021 

2N5484 

HI 1-5045-8 

IH5145MJE/883B 

DNX3 

2N4338 

FE202 

2N3821 

HEPF1035 

J176 

HI 1-5046-2 

IH5046MJE 

DNX4 

2N4869 

FE204 

2N3821 

HEPF2004 

2N5484 

HI 1-5046-5 

IH5046CJE 

DNX5 

2N4868 

FE300 

2N3822 

HEPF2005 

2N5459 

HI 1-5046-8 

IH5046MJE/883B 

DNX6 

2N4338 

FE302 

2N3821 

HIO-0201-6 

DG201C/D 

Hll-5047-2 

IH5047MJE 

DNX7 

2N4416 

FE304 

2N3821 

HIO-0381-6 

DGM181C/D 

Hll-5047-5 

IH5047CJE 

DNX8 

2N4416 

FE3819 

2N5484 

HIO-0384-6 

DGM184C/D 

Hll-5047-8 

IH5047MJE/883B 

DNX9 

2N4339 

FE4302 

2N5457 

HIO-0387-6 

DGM187C/D 

HI 1-5049-2 

IH5149MJE 

DS0026 

ICL7667 

FE4303 

2N5459 

HIO-0390-6 

DGM190C/D 

HI 1-5049-5 

IH5149CJE 

DS0026 

ICL7667 

FE4304 

2N5458 

HIO-0506-6 

IH6116C/D 

HI 1-5049-8 

IH5149MJE/883B 

DU4339 

2N5397 

FE5245 

2N4416 

HI0-0506A-6 

IH5116C/D 

HI 1-5050-2 

IH5150MJE 

DU4340 

2N5398 

FE5246 

2N5484 

HIO-0507-6 

IH6216C/D 

Hll-5050-5 

IH5150CJE 

ElOO 

2N5458 

FE5247 

2N5486 

HI0-0507A-6 

IH5216C/D 

HI 1-5050-8 

IH5150MJE/883B 

ElOl 

J204 

FE5457 

2N5457 

HIO-0508-6 

IH6108C/D 

Hll-5051-2 

IH5151MJE 

E102 

2N5457 

FE5458 

2N5458 

HI0-0508A-6 

IH5108C/D 

Hll-5051-5 

IH5151CJE 

E103 

2N5459 

FE5459 

2N5459 

HIO-0509-6 

IH6208C/D 

Hll-5051-8 

IH5151MJE/883B 

E105 

J105 

FE5484 

2N5484 

HI0-0509A-6 

IH5208C/D 

HI2-0200-2 

DG200AA 

E106 

J106 

FE5485 

2N5485 

H10-5040-6 

IH5140C/D 

HI2-0200-4 

DG200BA 

E107 

J107 

FE5486 

2N5486 

H10-5041-6 

IH5141C/D 

HI2-0200-5 

DG200BA 

E108 

J105 

FF400 

2N5457 

HIO-5042-6 

IH5142C/D 

HI 2-0200-8 

DG200AA/883B 

E109 

J106 

FMllOO 

2N3954A 

H10-5043-6 

IH5143C/D 

HI2-0381-2 

DGM182AA 

Elio 

J107 

FMllOOA 

2N5906 

H10-5044-6 

IH5144C/D 

HI2-0381-5 

DGM181BA 

Elll 

Jill 

FMIIOIA 

2N5906 

HIO-5045-6 

IH5145C/D 

HI 2-0381-8 

DGM181AA/883B 

E1115 

ICM1115A 

FM1102 

2N3954 

H10-5046-6 

IH5046C/D 

HI3-0200-5 

DG200CJ 

ElllA 

Jill 

FM1102A 

2N5906 

H10-5047-6 

IH5047C/D 

HI3-0201-5 

DG201CJ 

E112 

J112 

FM1103 

2N3955 

H10-5049-6 

IH5149C/D 

HI3-0381-5 

DGM181CJ 

E112A 

J112 

FM1103A 

2N5908 

HIO-5050-6 

IH5150C/D 

HI3-0384-5 

DGM184CJ 

E113 

J113 

FM1104 

2N3957 

HIO-5051-6 

IH5051C/D 

HI3-0390-5 

DGM190CJ 

E113A 

J113 

FM1104A 

2N5909 

HI 1-0200-2 

DG200AK 

HI3-0506-5 

IH6116CPI 

E114 

J204 

FM1105 

2N3954A 

HI 1-0200-4 

DG200BK 

HI3-0506A-5 

IH5116CPI 

E1151 

ICM1115B 

FM1105A 

IT500 

HI 1-0200-5 

DG200BK 

HI3-0507-5 

IH6216CPI 

El 426 

ICM7050U 

FM1106 

2N3954A 

HI 1-0200-6 

DG200C/D 

HI3-0507A-5 

IH5216CPI 

E174 

J174 

FM1106A 

IT500 

HI 1-0200-8 

DG200AK/883B 

HI3-0508-5 

IH6108CPE 

E175 

J175 

FM1107 

2N3954 

HI 1-0201-2 

DG201AK 

HI3-0508A-5 

IH5108CPE 

E176 

J176 

FM1107A 

IT500 

Hll-0201-4 

DG201BK 

H13-0509-5 

IH6208CPE 

E177 

J177 

FM1108 

2N3955 

Hll-0201-5 

DG201BK 

Ht3-0509A-5 

IH5208CPE 

E201 

J201 

FM1108A 

IT502 

HI 1-0201-8 

DG201AK/883B 

ICL7611 

ICL7611 

E202 

J202 

FM1109 

2N3957 

Hll-0381-2 

DGM182AK 

ICL7612 

ICL7612 

E203 

J203 

FM1109A 

IT503 

Hll-0381-5 

DGM181BK 

ICL7621 

ICL7621 

E204 

J204 

FMlllO 

2N3955 

Hll-0381-8 

DGM182AK/883B 

ICL7631 

ICL7631 

E210 

2N5397 

FMlllOA 

2N5908 

HI 1-0384-2 

DGM185AK 

ICL7641 

ICL7641 

E211 

2N5397 

FMllll 

2N3957 

HI 1-0384-5 

DGM184BK 

ICL7642 

ICL7642 

E212 

2N5397 

FMllllA 

2N5909 

HI 1-0384-8 

DGM185AK/883B 

ICL7650 

ICL7650 

E230 

2N4867 

FM1112 

2N5196 

HI 1-0387-2 

DGM188AK 

ICL7652 

ICL7652 

E231 

2N4868 

FM1200 

2N3954 

HI 1-0387-5 

DGM187BK 

ICL7660 

ICL7660 

E232 

2N4869 

FM1201 

2N3954 

HI 1-0387-8 

DGM188AK/883B 

ICL7663 

ICL7663 

E270 

J270 

FM1202 

2N3954 

HI 1-0390-2 

DGM191AK 

ICL7665 

ICL7665 

E271 

J271 

FM1203 

2N3955A 

HI 1-0390-5 

DGM190BK 

ICL8069 

ICL8069 

E300 

2N5397 

FM1204 

2N3955 

HI 1-0390-8 

DGM191AK/883B 

ICM7240 

ICM7240 

E304 

2N5486 

FM1205 

2N3954 

HI 1-0506-2 

IH6116MJI 

ICM7242 

ICM7242 

E305 

2N5484 

FM1206 

2N3954 

HI 1-0506-5 

IH6116CJI 

ICM7250 

ICM7250 

E308 

J308 

FM1207 

2N3954 

HI 1-0506-8 

IH6116MJI/883B 

ICM7555 

ICM7555 

E309 

J309 

FM1208 

2N3955A 

HI1-0506A-2 

IH5116MJI 

ICM7556 

ICM7556 

E310 

J310 

FM1209 

2N3955 

HI1-0506A-5 

IH5116IJ1 

1CNOOM7555 

ICM7555 

E311 

J310 

FM1210 

2N3955A 

HI1-0506A-8 

IH5116MJI/883B 

IDIOO 

IDIOO 

E312 

2N5397 

FM1211 

IT5911 

Hll-0507-2 

IH6216MJI 

IDlOl 

IDlOl 

E400 

2N3955 

FM3954 

2N3954 

HI 1-0507-5 

IH6216CJI 

IMF3954 

2N3954 

E401 

2N3955 

FM3954A 

2N3954A 

HI 1-0507-8 

IH6216MJI/883B 

IMF3954A 

2N3954A 

E402 

2N3957 

FM3955 

2N3955 

HI1-0507A-2 

IH5216MJI 

IMF3955 

2N3955 

E410 

2N3955 

FM3955A 

2N3955A 

HI1-0507A-5 

IH5216IJI 

IMF3955A 

2N3955A 


^CONSULT FACTORY 


XXV 



ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

IMF3956 

2N3956 

ITE2913 

IT122 

J113A 

J113 

J4869 

2N4869 

IMF3957 

2N3957 

ITE2914 

IT122 

JU3A-18 

J113 

J4869A 

2N4869A 

IMF3958 

2N3958 

ITE2915 

IT120 

J114 

2N5555 

J4869RR 

2N4869 

IMF5911 

IMF5911 

ITE2916 

IT120 

J1401 

IT501 

J5103 

2N5484 

IMF5912 

IMF5912 

ITE2917 

IT 122 

J1402 

IT502 

J5104 

2N5485 

IMF6485 

IMF6485 

ITE2918 

IT122 

J1403 

IT503 

J5105 

2N5486 

IT 100 

IT 100 

ITE2919 

IT120 

J1404 

IT503 

J5163 

2N5486 

ITIOI 

ITIOI 

ITE2920 

IT120 

J1405 

IT504 

K114-18 

2N5555 

IT108 

ITE4416 

ITE2936 

IT120 

J1406 

IT505 

K210-18 

2N5397 

IT 109 

ITE4416 

ITE2937 

IT120 

J174 

J174 

K211-18 

2N5397 

IT120 

IT 120 

ITE2972 

IT122 

J174-18 

J174 

K212-18 

2N5397 ' 

IT120A 

IT120A 

ITE2973 

IT122 

J175 

J175 

K300-18 

2N5397 

IT121 

IT121 

ITE2974 

IT120 

J175-18 

J175 

K304-18 

2N5486 

IT122 

IT122 

ITE2975 

IT120 

J176 

J176 

K305-18 

2N5484 

IT126 

IT126 

ITE2976 

IT120 

J176-18 

J176 

K308-18 

J308 

IT127 

IT127 

ITE2977 

IT120 

J177 

J177 

K309-18 

J309 

IT128 

IT128 

ITE2978 

IT120 

J177.18 

J177 

K310-18 

J310 

IT129 

IT129 

ITE2979 

IT120 

J201 

J201 

KE3684 

2N3684 

IT 130 

IT130 

ITE3066 

2N3685 

J201-18 

J201 

KE3685 

2N3685 

IT130A 

IT130A 

ITE3067 

2N3686 

J202 

J202 

KE3686 

2N3686 

IT131 

IT131 

ITE3068 

2N3687 

J202-18 

J202 

KE3687 

2N3687 

IT132 

IT 132 

ITE3347 

IT137 

J203 

J203 

KE3823 

2N3823 

IT 136 

IT136 

ITE3348 

IT138 

J203-18 

J203 

KE3970 

ITE4391 

IT137 

IT 137 

ITE3349 

IT 139 

J204 

J204 

KE3971 

ITE4392 

IT138 

IT138 

ITE3350 

IT137 

J204-18 

J204 

KE3972 

ITE4393 

IT139 

IT139 

ITE3351 

IT138 

J210 

2N5397 

KE4091 

ITE4091 

IT140 

IT 140 

ITE3680 

IT120 

J211 

2N5397 

KE4092 

ITE4092 

IT1700 

IT1700 

ITE3800 

IT132 

J212 

2N5397 

KE4093 

ITE4093 

IT1701 

3N172 

ITE3802 

IT132 

J230 

2N4867 

KE4220 

2N5457 

IT1702 

3N163 

ITE3804 

IT130 

J231 

2N4868 

KE4221 

2N5459 

IT1750 

IT1750 

ITE3806 

IT132 

J232 

2N4869 

KE4222 

2N5459 

IT2700 

3N165 

ITE3807 

IT132 

J270 

J270 

KE4223 

J204 

IT2701 

3N165 

ITE3808 

IT132 

J270-18 

J270 

KE4391 

ITE4391 

IT400 

2N4392 

ITE3809 

IT132 

J271 

J271 

KE4392 

ITE4392 

IT500 

IT500 

ITE3810 

IT130 

J271-18 

J271 

KE4393 

ITE4393 

IT500P 

IT500 

ITE3811 

IT130 

J300 

2N5397 

KE4416 

ITE4416 

IT501 

IT501 

ITE3907 

IT120 

J304 

2N5486 

KE4856 

ITE4391 

IT501P 

IT501 

ITE3908 

IT 120 

J305 

2N5484 

KE4857 

ITE4392 

IT502 

IT502 

ITE4017 

IT139 

J308 

J308 

KE4858 

ITE4393 

IT502P 

IT502 

ITE4018 

IT139 

J309 

J309 

KE4859 

ITE4391 

IT503 

IT503 

ITE4019 

IT139 

J310 

J310 

KE4860 

ITE4392 

IT503P 

IT503 

ITE4020 

IT139 

J315 

2N5397 

KE4861 

ITE4393 

IT504 

IT504 

ITE4021 

IT139 

J316 

U309 

KE510 

ITE4393 

IT505 

IT505 

ITE4022 

IT139 

J317 

U310 

KE5103 

J204 

IT550 

IT550 

ITE4023 

IT137 

J3970 

ITE4391 

KE5104 

ITE4416 

IT5911 

IT5911 

ITE4024 

IT137 

J3971 

ITE4392 

KE5105 

ITE4416 

IT5912 

IT5912 

ITE4025 

IT137 

J3972 

ITE4393 

KE511 

ITE4392 

ITC2972 

IT 122 

ITE4091 

ITE4091 

J401 

IT501 

KH5196 

2N5196 

ITC2973 

IT 122 

ITE4092 

ITE4092 

J402 

IT502 

KH5197 

2N5197 

ITC2974 

IT 120 

ITE4093 

ITE4093 

J403 

IT503 

KH5198 

2N5198 

ITC2975 

IT 120 

ITE4117 

2N4117 

J404 

IT503 

KH5199 

2N5199 

ITC2976 

IT120 

ITE4118 

2N4118 

J405 

IT504 

KS5183 

ICM7269 

ITC2977 

IT120 

ITE4119 

2N4119 

J406 

IT505 

KS5240B01H 

ICM7245B 

ITC2978 

IT 120 

ITE4338 

2N4338 

J4091 

ITE4091 

KS5240B01J 

ICM7245A 

ITC2979 

IT120 

ITE4339 

2N4339 

J4092 

ITE4092 

KS5240B10H 

ICM72450 

ITC3347 

IT137 

ITE4340 

2N4340 

J4093 

ITE4093 

KS5240B12H 

ICM7245E 

ITC3348 

IT138 

ITE4341 

2N4341 

J410 

IT502 

KS5240B20H 

ICM7245F 

ITC3349 

IT139 

ITE4391 

ITE4391 

J411 

IT503 

KS5240U01E 

ICM7245U 

ITC3350 

IT137 

ITE4392 

ITE4392 

J412 

IT503 

LDF603 

2N4221 

ITC3351 

IT138 

ITE4393 

ITE4393 

J420 

IT5911 

LDF604 

2N4221 

ITC3352 

IT139 

ITE4416 

ITE4416 

J421 

IT5912 

LDF605 

2N4221 

ITC3800 

IT132 

ITE4867 

2N4867 

J4220 

J204 

LF11201D 

0G201AK 

ITC3802 

IT132 

ITE4868 

2N4868 

J4221 

J202 

LF11201D/883 

OG201AK/883B 

ITC3804 

IT130 

ITE4869 

2N4869 

J4222 

J203 

LF11508D 

iH6108MJE 

ITC3806 

IT132 

JlOO 

2N5458 

J4223 

J202 

LFl15080/883 

IH6108MJE/883B 

ITC3807 

IT132 

JlOl 

2N4338 

J4224 

J202 

LF11509D 

IH6208MJE 

ITC3808 

IT132 

J102 

2N5457 

J430 

J309(X2) 

LFl15090/883 

IH6208MJE/883B 

ITC3809 

IT 132 

J103 

2N5459 

J4302 

2N4302 

LFl32010 

OG201BK 

ITC3810 

IT130 

J105 

J105 

J4303 

2N5459 

LF13201N 

0G201CJ 

ITC3811 

IT130 

J105-18 

J105 

J4304 

2N5458 

LFl35080 

IH6108CJE 

ITC4017 

IT139 

J106 

J106 

J431 

J310(X2) 

LF13508N 

IH6108CPE 

ITC4018 

IT139 

J106-18 

J106 

J433 

2N5457 

LFl35090 

IH6208CJE 

ITC4019 

IT139 

J107 

J107 

J4338 

2N5457 

LF13509N 

IH6208CPE 

ITC4020 

IT139 

J107-18 

J107 

J4339 

2N5457 

LM113 

ICL8069 

ITC4021 

1T139 

J108 

J105 

J4391 

ITE4391 

LM114 

IT 120 

ITC4022 

IT139 

J108-18 

J105 

J4392 

ITE4392 

LM114A 

IT120A 

ITC4023 

IT137 

J109 

J106 

J4393 

ITE4393 

LM114AH 

IT120A 

ITC4024 

IT137 

J109-18 

J106 

J4416 

ITE4416 

LM114H 

IT 120 

ITC4025 

IT137 

JllO 

J107 

J4856 

ITE4856 

LM115 

IT120 

ITE2453 

IT120 

J110-18 

J107 

J4857 

ITE4857 

LM115A 

IT120A 

ITE2639 

IT 120 

Jill 

Jill 

J4858 

ITE4858 

LM115AH 

IT120A 

ITE2640 

IT122 

Jlll-18 

Jill 

J4859 

ITE4859 

LM115H 

IT120 

ITE2641 

IT 122 

JlllA 

Jill 

J4860 

ITE4860 

LM185 

ICL8069 

ITE2642 

IT 120 

JlllA-18 

Jill 

J4861 

ITE4861 

LM194 

IT120A 

ITE2643 

IT122 

J112 

J112 

J4867 

2N4867 

LM394 

IT120A 

ITE2644 

IT122 

J112-18 

J112 

J4867A 

2N4867A 

LM4250 

LM4250 

ITE2720 

IT120 

J112A 

J112 

J4867RR 

2N4867 

LM4250 

ICL8021 

ITE2721 

IT122 

J112A-18 

J112 

J4868 

2N4868 

LM555 

ICM7555 

ITE2722 

IT120 

J113 

J113 

J4868A 

2N4868A 

LM556 

ICM7556 

ITE2903 

IT122 

J113-18 

J113 

J4868RR 

2N4868 

LMC555 

ICM7555 


‘CONSULT FACTORY XXVI 









ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

LMC556 

ICM7556 

M511 

3N172 

MD8002 

IT120 

MEM955B 

3N190 

LMC668 

ICL7650 

M511A 

3N172 

MD8003 

IT122 

MF510 

2N4092 

LS3069 

2N5458 

M517 

3N163 

MD918 

IT122 

MF803 

2N4338 

LS3070 

2N5458 

M58434P 

ICM7038D 

MD918A 

IT122 

MF818 

2N4858 

LS3071 

2N5458 

M58435P 

ICM1115B 

MD918B 

IT122 

MFE2000 

2N4416 

LS3458 

J204 

M58436-001P 

ICM7050G 

MD982 

IT139 

MFE2001 

2N4416 

LS3459 

J204 

M58437-001P 

ICM7070L 

MD984 

IT139 

MFE2004 

2N4093 

LS3460 

J204 

MA7807 

IT132 

MEF103 

2N5457 

MFE2005 

2N4092 

LS3684 

2N3684 

MA7809 

IT132 

MEF104 

2N5459 

MFE2006 

2N4091 

LS3685 

2N3685 

MAT-OIAH 

IT140 

MEF3069 

2N4341 

MFE2007 

2N4860 

LS3686 

2N3686 

MAT-OIFH 

IT140 

MEF3070 

2N4339 

MFE2008 

2N4859 

LS3687 

2N3687 

MAT-OIGH 

IT140 

MEF3458 

2N4341 

MFE2009 

2N4859 

LS3819 

2N5484 

MAT-0 IH 

IT140 

MEF3459 

2N4339 

MFE2010 

2N4859 

LS3821 

2N5457 

MAX232 

ICL232 

MEF3460 

2N4338 

MFE2011 

2N5433 

LS3822 

2N5458 

MAX420 

)CL420 

MEF3684 

2N3684 

MFE2012 

2N5434 

LS3823 

2N5458 

MAX663 

ICL7663 

MEF3685 

2N3685 

MFE2012 

2N5433 

LS3921 

2N3921 

MAX665 

ICL7665 

MEF3686 

2N3686 

MFE2093 

2N4338 

LS3922 

2N3922 

MAX8211 

ICL8211 

MEF3687 

2N3687 

MFE2094 

2N4339 

LS3966 

ITE4416 

MAX8212 

ICL8212 

MEF3821 

2N3821 

MFE2095 

2N4340 

LS3967 

ITE4416 

MBIOI 

ICM7245B 

MEF3822 

2N3822 

MFE2133 

2N4860 

LS3968 

ITE4416 

MB103 

ICM7245E 

MEF3823 

2N3823 

MFE2912 

2N5433 

LS3969 

ITE4416 

MB105 

ICM7245U 

MEF3954 

2N3954 

MFE3002 

3N170 

LS4220 

J204 

MB107 

ICM7245D 

MEF3955 

2N3955 

MFE3003 

3N164 

LS4221 

J202 

MB108 

ICM7245E 

MEF3956 

2N3956 

MFE3020 

3N166 

LS4222 

J203 

MB 143 

ICM7245A 

MEF3957 

2N3957 

MFE3021 

3N166 

LS4223 

J202 

MB144 

ICM7245F 

MEF3958 

2N3958 

MFE4007 

2N3686 

LS4224 

J202 

MB510 

ICM1115B 

MEF4223 

2N4223 

MFE4008 

2N3686 

LS4338 

2N5457 

MB511 

ICM7050H 

MEF4224 

2N4224 

MFE4009 

2N3685 

LS4339 

2N5457 

MB512 

ICM7050H 

MEF4391 

ITE4391 

MFE4010 

2N2608 

LS4340 

2N5457 

MB513 

ICM7050G 

MEF4392 

ITE4392 

MFE4011 

2N2608 

LS4341 

2N5458 

MB521 

ITS9068 

MEF4393 

ITE4393 

MFE4012 

2N2609 

LS4391 

ITE4391 

MB522 

ITS9068 

MEF4416 

ITE4416 

MFE823 

IT1700 

LS4392 

ITE4392 

MB531 

ICM7050H 

MEF4856 

2N4856 

MHW590 

AD590 

LS4393 

ITE4393 

MB533 

ICM7050H 

MEF4857 

2N4857 

MJ41 

ICM1424C 

LS4416 

ITE4416 

MB541 

ICM7052 

MEF4858 

2N4858 

MJ6 

ICM7220 

LS4856 

ITE4091 

MB542 

ICM7052 

MEF4859 

2N4859 

MKIO 

2N4416 

LS4857 

ITE4092 

MB7B 

ICM7245U 

MEF4860 

2N4860 

MM450H 

MM450H 

LS4858 

ITE4093 

MCC14440 

ICM1424C 

MEF4861 

2N4861 

MM451H 

MM451H 

LS4859 

ITE4091 

MCC14483 

ICM7210 

MEF5103 

ITE4416 

MM452D 

MM452J 

LS4860 

ITE4092 

MD1120 

IT122 

MEF5104 

ITE4416 

MM452F 

MM452F 

LS4861 

ITE4093 

MD1121 

IT 122 

MEF5105 

ITE4416 

MM455H 

MM455H 

LS5103 

2N5484 

MD1122 

IT122 

MEF5245 

ITE4416 

MM550H 

MM550H 

LS5104 

2N5485 

MD1123 

IT 139 

MEF5246 

2N5484 

MM551H 

MM551H 

LS5105 

2N5486 

MD1129 

IT129 

MEF5247 

2N5486 

MM552D 

MM552J 

LS5245 

ITE4416 

MD1130 

IT 139 

MEF5248 

2N5486 

MM552F 

MM552F 

LS5246 

2N5484 

MD2218 

IT 129 

MEF5284 

2N5484 

MM555H 

MM555H 

LS5247 

2N5486 

MD2218A 

IT 129 

MEF5285 

2N5485 

MMFl 

2N5197 

LS5248 

2N5486 

MD2219 

IT129 

MEFS286 

2N5486 

MMF2 

2N3921 

LS5358 

J204 

M02219A 

IT129 

MEF5561 

U401 

MMF3 

2N5198 

LS5359 

J204 

MD2369 

IT129 

MEF5562 

U402 

MMF4 

2N3922 

LS5360 

J202 

MD2369A 

IT129 

MEF5563 

U403 

MMF5 

2N5199 

LS5361 

J202 

MD2369B 

IT 122 

MEM511 

3N172 

MMF6 

2N3955A 

LS5362 

J203 

MD2904 

IT139 

MEM511A 

3N172 

MMT3823 

2N3823 

LS5363 

J203 

MD2904A 

IT139 

MEM511C 

3N172 

MN6091 

ICM7038B 

LS5364 

J203 

MD2905 

IT139 

MEM517 

3N172 

MN6092A 

ICM7038E 

LS5391 

2N4867A 

MD2905A 

IT139 

MEM517A 

3N172 

MN6093 

ICM7051A 

LS5392 

2N4868A 

MD2974 

IT120 

MEM517B 

3N172 

MN6252 

ICM7050G 

LS5393 

2N4869A 

MD2975 

IT 120 

MEM517C 

3N172 

MP301 

IT124 

LS5394 

2N4869A 

M02978 

IT120 

MEM550 

3N189 

MP302 

IT124 

LS5395 

2N4869A 

MD2979 

IT120 

MEM550C 

3N189 

MP303 

IT124 

LS5396 

2N4869A 

MD3008 

IT120 

MEM550F 

3N189 

MP310 

2N4045 

LS5457 

2N5457 

M03250 

IT132 

MEM551 

3N190 

MP311 

2N4045 

LS5458 

2N5458 

MD3250A 

IT131 

MEM551C 

3N189 

MP312 

2N4044 

LS5459 

2N5459 

MD3251 

IT132 

MEM556 

3N172 

MP313 

IT124 

LS5484 

2N5484 

MD3251A 

IT131 

MEM556C 

3N172 

MP318 

IT120A 

LS5485 

2N5485 

MD3409 

IT 129 

MEM560 

3N161 

MP350 

IT132 

LS5486 

2N5486 

MD3410 

IT 129 

MEM560C 

3N161 

MP351 

IT 130 

LS5556 

2N3685 

M03467 

IT139 

MEM561 

3N163 

MP352 

IT130 

LS5557 

2N3684 

MD3725 

IT129 

MEM561C 

3N163 

MP358 

IT130A 

LS5558 

2N3684 

MD3762 

IT139 

MEM562 

2N4351 

MP360 

IT132 

LS5638 

2N5638 

MD4957 

IT132 

MEM562C 

2N4351 

MP361 

IT130A 

LS5639 

2N5639 

MD5000 

IT 132 

MEM563 

2N4351 

MP362 

IT130A 

LS5640 

2N5640 

MD5000A 

IT 132 

MEM563C 

2N4351 

MP3954 

2N3954 

LTC1044 

ICL7660 

MD5000B 

IT 132 

MEM711 

M116 

MP3954A 

2N3954A 

LTC1052 

ICL7652 

MD7000 

IT129 

MEM712 

M116 

MP3955 

2N3955 

LTC1052 

ICL7650 

MD7001 

IT 139 

MEM712A 

M116 

MP3956 

2N3956 

LTC7652 

1CL7652 

MD7002 

IT 122 

MEM713 

3N170 

MP3957 

2N3957 

M103 

3N161 

MD7002A 

IT 122 

MEM806 

3N163 

MP3958 

2N3958 

M104 

3N161 

MD7002B 

IT122 

MEM806A 

3N163 

MP5905 

2N5905 

M106 

3N166 

MD7003 

IT132 

MEM807 

3N172 

MP5906 

2N5906 

M107 

3N189 

MD7003A 

IT 132 

MEM807A 

3N172 

MP5907 

2N5907 

M108 

3N191 

MD7003B 

IT132 

MEM814 

3N161 

MP5908 

2N5908 

M113 

3N161 

MD7004 

IT129 

MEM816 

3N172 

MP5909 

2N5909 

(VI114 

3N161 

MD7007 

IT129 

MEM817 

3N172 

MP5911 

2N5911 

M116 

lyiiie 

MD7007A 

IT129 

MEM823 

MFE823 

MP5912 

2N5912 

M117 

2N4351 

MD7007B 

IT129 

MEM954 

3N188 

MP7520JD 

AD7520JD 

M119 

3N161 

MD708 

IT129 

MEM954A 

3N188 

MP7520JN 

AD7520JN 

M163 

3N163 

MD708A 

IT129 

MEM954B 

3N188 

MP7520KD 

AD7520KD 

M164 

3N164 

MD708B 

IT129 

MEM955 

3N190 

MP7520KN 

AD7b20KN 

M5001 

ICM7269 

MD8001 

IT120 

MEM955A 

3N190 

MP7520LD 

AD7520LD 
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ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

IVIP7520LN 

AD7520LN 

NF5101 

2N4867 

PN3687 

2N3687 

SJM187BCC 

JM38510/11105BCC 

MP7520SD 

AD7520SD 

NF5102 

2N4867 

PN4091 

ITE4091 

SJM187BIC 

JM38510/11105BIC 

MP7520TD 

AD7520TD 

NF5103 

2N4867 

PN4092 

ITE4092 

SJM188BCC 

JM38510/11106BCC 

MP7520UD 

AD7520UD 

NF511 

2N4860 

PN4093 

ITE4093 

SJM188BIC 

JM38510/11106BIC 

MP7521JD 

AD7521JD 

NFS163 

2N4341 

PN4220 

J204 

SJM190BEC 

JM38510/11107BEC 

MP7521JN 

AD7521JN 

NF520 

2N3684 

PN4221 

J202 

SJM191BEC 

JM38510/11108BEC 

MP7521KD 

AD7521KD 

NF521 

2N3685 

PN4222 

J203 

SL301AT 

IT129 

MP7521KN 

AD7521KN 

NF522 

2N3686 

PN4223 

J204 

SL301BT 

IT 129 

MP7521LD 

AD7521LD 

NF523 

2N3865 

PN4224 

J202 

SL301CT 

IT 129 

MP7521LN 

AD7521LN 

NF530 

2N4341 

PN4342 

2N5461 

SL301ET 

IT129 

MP7521SD 

AD7521SD 

NF5301 

2N4118A 

PN4360 

2N5460 

SL360C 

IT129 

MP7521TD 

AD7521TD 

NF5301-1 

2N4117A 

PN4391 

ITE4391 

SL362C 

IT129 

MP7521UD 

AD7521UD 

NF5301-2 

2N4118A 

PN4392 

ITE4392 

SM5011 

ICM7050G 

MP7523JN 

AD7523JN 

NF5301-3 

2N4118A 

PN4416 

ITE4416 

SM5510 

tCMlllSB 

MP7523KN 

AD7523KN 

NF531 

2N4339 

PN4856 

2N4856 

SM5530B 

ICM7070P 

MP7523LN 

AD7523LN 

NF532 

2N4341 

PN4857 

2N4857 

SU2000 

2N4340 

MP7621AD 

AD7541AD 

NF533 

2N4339 

PN4858 

2N4858 

SU2020 

2N3954 

MP7621BD 

AD7541BD 

NF5457 

2N5457 

PN4859 

2N4859 

SU2021 

2N3954 

MP7621JN 

AD7541JN 

NF5458 

2N5458 

PN4860 

2N4860 

SU2022 

2N3954 

MP7621KN 

AD7541KN 

NF5459 

2N5459 

PN4861 

2N4861 

SU2023 

2N3954 

MP7621SD 

AD7541SD 

NF5484 

2N5484 

PN5033 

2N5460 

SU2024 

2N3954 

MP7621TD 

AD7541TD 

NF5485 

2N5485 

PTC151 

2N5484 

SU2025 

2N3954 

MP804 

2N5520 

NF5486 

2N5486 

PTC152 

2N5485 

SU2026 

2N3954 

MP830 

2N5520 

NF5555 

2N5484 

RC555 

ICM7555 

SU2027 

2N3954 

MP831 

2N5521 

NF5638 , 

2N5638 

RC556 

ICM7556 

SU2028 

2N3954 

MP832 

2N5522 

NF5639 

2N5639 

SI 424 

ICM1424C 

SU2029 

2N5197 

MP833 

2N5523 

NF5640 

2N5640 

SA2253 

IT122 

SU2029 

2N3954 

MP835 

2N3954 

NF5653 

2N4860 

SA2254 

IT122 

SU2030 

2N3955 

MP836 

2N3955 

NF5654 

2N4861 

SA2255 

IT 122 

SU2030 

2N3954 

MP837 

2N3955 

NF580 

2N5432 

SA2644 

IT 120 

SU2031 

2N5198 

MP838 

2N3956 

NF581 

2N5432 

SA2648 

IT 120 

SU2031 

2N3954 

MP839 

2N3957 

NF582 

2N5433 

SA2710 

IT120 

SU2032 

2N3954 

MP840 

2N5520 

NF583 

2N5434 

SA2711 

IT120 

SU2033 

2N3954 

MP841 

2N5521 

NF584 

2N5433 

SA2712 

IT121 

SU2034 

2N3955 

MP842 

2N5523 

NF585 

2N4859 

SA2713 

IT121 

SU2034 

2N3954 

MPF102 

2N5486 

NF6451 

U310 

SA2714 

IT122 

SU2035 

2N3955 

MPF103 

2N5457 

NF6452 

U310 

SA2715 

IT120 

SU2035 

2N3954 

MPF104 

2N5458 

NF6453 

U310 

SA2716 

IT120 

SU2074 

2N3954 

MPF105 

2N5459 

NF6454 

U310 

SA2717 

IT121 

SU2075 

2N3954 

MPF106 

2N5485 

NKT80111 

2N4220 

SA2718 

IT122 

SU2076 

2N3954 

MPF107 

2N5486 

NKT80112 

2N4220 

SA2719 

IT120 

SU2077 

2N3955 

MPF108 

2N5486 

NKT80113 

2N3821 

SA2720 

IT121 

SU2077 

2N3954 

MPF109 

2N5484 

NKT80211 

2N4339 

SA2721 

IT122 

SU2078 

2N3955 

MPFlll 

2N5458 

NKT80212 

2N4339 

SA2722 

IT 120 

SU2079 

2N3955 

MPF112 

2N5458 

NKT80213 

2N4339 

SA2723 

IT121 

SU2080 

U404 

MPF161 

2N5398 

NKT80214 

2N4339 

SA2724 

IT122 

SU2081 

U404 

MPF208 

2N3821 

NKT80215 

2N4339 

SA2726 

IT122 

SU2098 

2N5197 

MPF209 

2N3821 

NKT80216 

2N4339 

SA2727 

IT122 

SU2098A 

2N5197 

MPF256 

ITE4416 

NKT80421 

2N4220 

SA2738 

IT120A 

SU2098B 

2N5196 

MPF4391 

ITE4391 

NKT80422 

2N4220 

SA2739 

IT120 

SU2099 

2N5197 

MPF4392 

ITE4392 

NKT80423 

2N4220 

SCL54301 

ICM1424C 

SU2099A 

2N5197 

MPF4393 

ITE4393 

NKT80424 

2N4220 

SCL5478 

ICM7269 

SU2365 

2N3954 

MPF820 

J310 

NPC108 

2N5484 

SDFlOOl 

2N5432 

SU2365A 

2N3954 

MPF970 

J175 

NPC211N 

2N4338 

SDF1002 

2N5433 

SU2366 

2N3955 

MPF971 

J175 

NPC212N 

2N4338 

SDF1003 

2N5434 

SU2366A 

2N3955 

MPS5010 

ICL8069 

NPC213N 

2N4338 

SDF500 

2N5520 

SU2367 

2N3955 

MSM5001 

ICM7269 

NPC214N 

2N4339 

SDF501 

2N5520 

SU2367A 

2N3955 

MSM5011 

ICM1424C 

NPC215N 

2N4339 

SDF502 

2N5520 

SU2368 

2N3956 

MSM5977 

ICM1424C 

NPC216N 

2N4339 

SDF503 

2N5520 

SU2368A 

2N3956 

MTFlOl 

2N5484 

NPD8301 

2N3954 - 

SDF504 

2N5520 

SU2369 

2N3957 

MTF102 

2N5484 

NPD8302 

2N3955 

SDF505 

2N5520 

SU2369A 

2N3957 

MTF103 

2N5457 

NPD8303 

2N3956 

SDF506 

2N5520 

SU2410 

2N5907 

MTF104 

2N5459 

OT3 

2N4338 

SDF507 

2N5520 

SU2411 

2N5908 

ND5700 

IT120A 

PI 004 

2N5116 

SDF508 

2N5520 

SU2412 

2N5909 

ND5701 

IT120A 

PI 005 

2N5115 

SDF509 

2N5520 

SU2652 

U401 

ND5702 

IT120 

P1027 

2N5267 

SDF510 

2N3954 

SU2652M 

U401 

NDF9401 

IT500 

P1028 

2N5270 

SDF512 

2N3954 

SU2653 

U401 

NDF9402 

IT501 

P1029 

2N5270 

SDF513 

2N3954 

SU2653M 

U401 

NDF9403 

IT502 

P1069E 

2N2609 

SDF514 

2N3954 

SU2654 

U401 

NDF9404 

IT503 

P1086E 

2N5115 

SDF661 

IT122 

SU2654M 

U401 

NDF9405 

IT504 

P1087E 

2N5516 

SDF662 

IT122 

SU2655 

U402 

NDF9406 

1T500 

P1117E 

2N5640 

SDF663 

IT122 

SU2655M 

U402 

NDF9407 

IT501 

P1118E 

2N5641 

SE555 

ICM7555 

SU2656 

U404 

NDF9408 

IT502 

P1119E 

2N5640 

SE556 

ICM7556 

SU2656M 

U404 

NDF9409 

IT503 

PF510 

2N5115 

SES3819 

2N5484 

SX3819 

2N5484 

NDF9410 

IT504 

PF5101 

2N4867 

SFT601 

2N4338 

SX3820 

2N2608 

NE555 

ICM7555 

PF5102 

2N4867 

SFT602 

2N4338 

TC8031P 

ICM7038A 

NE556 

ICM7556 

PF5103 

2N4867 

SFT603 

2N4339 

TC8032P 

ICM7038F 

NE590 

AD590 

PF511 

2N5114 

SFT604 

2N4339 

TC8051P 

ICM7038B 

NF3819 

2N5484 

PF5301 

2N4118A 

SG4250 

LM4250 

TC8052P 

ICM7038E 

NF4302 

2N5457 

PF5301-1 

2N4117A 

SI7135CPI 

ICL7135CPI 

TC8056PA 

ICM1115B 

NF4303 

2N5459 

PF5301-2 

2N4118A 

SI7652 

ICL7652 

TC8057P 

ICM7038D 

NF4304 

2N5458 

PF5301-3 

2N4118A 

SI7660 

ICL7660 

TDIOO 

IT129 

NF4445 

2N5432 

PL1091 

2N3823 

SI7661 

ICL7662 

TDlOl 

IT129 

NF4446 

2N5433 

PL1092 

2N3823 

SJM181BCC 

JM38510/11101BCC 

TD102 

IT129 

NF4447 

2N5433 

PL1093 

2N3823 

SJM181BIC 

JM38510/11101BIC 

TD200 

IT129 

NF4448 

2N5433 

PL1094 

2N3823 

SJM182BCC 

JM38510/11102BCC 

TD201 

IT129 

NF500 

2N4224 

PN3684 

2N3684 

SJM182BIC 

JM38510/11102BIC 

TD202 

IT129 

NF501 

2N4224 

PN3685 

2N3685 

SJM184BEC 

JM38510/11103BEC 

TD2219 

IT129 

NF506 

2N4416 

PN3686 

2N3686 

SJM185BEC 

JM38510/11104BEC 

TD224 

IT122 


‘CONSULT FACTORY 
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ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

ALTERNATE 

INTERSIL 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

SOURCE PRODUCT 

EQUIVALENT 

TD225 

IT122 

TIS69 

2N3955A 

U1179 

2N3821 

U300 

2N5114 

TD226 

IT122 

TIS70 

2N3956 

U1180 

2N4221 

U3000 

2N4341 

TD227 

IT122 

TIS73 

ITE4391 

U1181 

2N4220 

U3001 

2N4339 

TD228 

IT122 

TIS74 

ITE4392 

U1182 

2N3821 

U3002 

2N4338 

TD229 

IT122 

TIS75 

ITE4393 

U1277 

2N3684 

U301 

2N5115 

TD230 

IT121 

TIS88 

2N4416 

U1278 

2N3685 

U3010 

2N4341 

TD231 

IT121 

TIS88A 

2N4416 

U1279 

2N3686 

U3011 

2N4340 

TD232 

IT122 

TIXS33 

2N4392 

U1280 

2N3684 

U3012 

2N4338 

TD233 

IT122 

TIXS35 

2N4857 

U1281 

2N3822 

U304 

U304 

TD234 

IT122 

TIXS36 

2N4391 

U1282 

2N4341 

U305 

U305 

TD235 

IT122 

TIXS41 

2N4859 

U1283 

2N4340 

U306 

U306 

TD236 

IT122 

T1XS42 

2N5639 

U1284 

2N4341 

U308 

U308 

TD237 

IT122 

TIXS59 

2N5459 

U1285 

2N4220 

U309 

U309 

TD238 

IT122 

TIXS78 

2N4341 

U1286 

2N4341 

U310 

U310 

TD239 

IT122 

TIXS79 

2N4341 

U1287 

2N4092 

U311 

U310 

TD240 

IT121 

TL182CL 

0GM182BA 

U1321 

2N4860 

U312 

2N5397 

TD241 

IT121 

TL182CN 

DGM182CJ 

U1322 

2N3822 

U314 

2N5555 

TD242 

IT120A 

TL182IL 

DGM182BA 

U1323 

2N3822 

U315 

2N5397 

TD243 

IT120A 

TL182IN 

DGM182CJ 

U1324 

2N3687 

U316 

U309 

TD244 

IT129 

TL182ML 

DGM182AA 

U1325 

2N3686 

U317 

U310 

TD245 

IT129 

TL185CJ 

IH5045CJE 

U133 

2N2608 

U320 

2N5433 

TD246 

IT129 

TL185CN 

IH5045CPE 

U1420 

2N3821 

U321 

2N5434 

TD247 

IT129 

TL185IJ 

IH5045CJE 

U1421 

2N3822 

U322 

2N5433 

TD248 

IT129 

TL185IN 

IH5045CPE 

U1422 

2N3822 

U328 

«« 

TD250 

1T120A 

TL185MJ 

IH5045MJE 

U146 

2N2608 

U329 

•* 

TD2905 

IT139 

TL188CL 

IH5042CTW 

U147 

2N2608 

U330 

** 

TD400 

IT139 

TL188CN 

IH5042CPE 

U148 

2N2608 

U331 

** 

TD401 

IT139 

TL188IL 

IH5042CTW 

U149 

2N2609 

U350 

** 

TD402 

IT139 

TL188IN 

IH5042CPE 

U168 

2N2609 

U401 

U401 

TD500 

IT 139 

TL188ML 

IH5042MTW 

U1714 

2N4340 

U402 

U402 

TD501 

IT139 

TL191CJ 

IH5043CJE 

U1715 

2N4340 

U403 

U403 

TD502 

IT139 

TL191CN 

IH5043CPE 

U182 

2N4857 

U404 

U404 

TD509 

IT132 

TL191IJ 

IH5043CJE 

U183 

2N3824 

U405 

U405 

TD510 

IT132 

TL191IN 

IH5043CPE 

U1837E 

2N5486 

U406 

U406 

TD511 

IT132 

TL191MJ 

IH5043MJE 

U184 

2N5397 

U410 

2N3955 

TD512 

IT132 

TLC251 

ICL7612 

U1897E 

U1897 

U411 

2N3956 

TD513 

IT132 

TLC251 

ICL7611 

U1898E 

U1898 

U412 

2N3958 

TD514 

IT132 

TLC252 

ICL7621 

U1899E 

U1899 

U421 

2N5908 

TD517 

IT132 

TLC254 

ICL7642 

U197 

2N4338 

U422 

2N5908 

TD518 

IT132 

TLC271 

ICL7612 

U198 

2N4340 

U423 

2N5909 

TD519 

IT132 

TLC271 

ICL7611 

U199 

2N4341 

U424 

2N5908 

TD520 

IT139 

TLC272 

ICL7621 

U1994E 

2N4416 

U425 

2N5908 

TD521 

IT139 

TLC274 

ICL7642 

U200 

2N4861 

U426 

2N5909 

TD522 

IT139 

TLC274 

ICL7641 

U201 

2N4860 

U430 

J309(X2) 

TD523 

IT139 

TLC555 

ICM7555 

U202 

2N4859 

U431 

J310(X2) 

TD524 

IT139 

TLC556 

ICM7556 

U2047E 

2N4416 

U440 

IT5911 

TD525 

IT132 

TN4117 

2N4117 

U221 

2N4391 

U441 

IT5912 

TD526 

IT132 

TN4117A 

2N4117A 

U222 

2N4391 

UA555 

ICM7555 

TD527 

IT131 

TN4118 

2N4118 

U231 

U231 

UA556 

ICM7556 

TD528 

IT131 

TN4118A 

2N4118A 

U232 

U232 

UClOO 

2N3684 

TD5432 

2N5432 

TN4119 

2N4119 

U233 

U233 

UCllO 

2N3685 

TD5433 

2N5433 

TN4119A 

2N4119A 

U234 

U234 

UC115 

2N4340 

TD5434 

2N5434 

TN4338 

2N4338 

U235 

U235 

UC120 

2N3686 

TD550 

IT129 

TN4339 

2N4339 

U240 

2N5432 

UC130 

2N3687 

TD5902 

2N5902 

TN4340 

2N4340 

U241 

2N5433 

UC155 

2N4416 

TD5902A 

2N5902 

TN4341 

2N4341 

U242 

2N5432 

UC1700 

3N163 

TD5903 

2N5903 

TN5277 

2N4341 

U243 

2N5433 

UC1764 

3N163 

TD5903A 

2N5903 

TN5278 

2N4341 

U244 

2N5433 

UC20 

2N3686 

TD5904 

2N5904 

TP5114 

2N5114 

U248 

2N5902 

UC200 

2N3824 

TD5904A 

2N5904 

TP5115 

2N5115 

U248A 

2N5906 

UC201 

2N3824 

TD5905 

2N5905 

TP5116 

2N5116 

U249 

2N5903 

UC21 

2N3687 

TD5905A 

2N5905 

TSC426 

ICL7667 

U249A 

2N5907 

UC210 

2N4416 

TD5906 

2N5906 

TSC7106CJL 

ICL7106CJL 

U250 

2N5904 

UC2130 

2N5452 

TD5906A 

2N5906 

TSC7106CPL 

ICL7106CPL 

U250A 

2N5908 

UC2132 

2N5453 

TD5907 

2N5907 

TSC7106RCPL 

ICL7106RCPL 

U251 

2N5905 

UC2134 

2N5454 

TD5907A 

2N5907 

TSC7107CJL 

ICL7107CJL 

U251A 

2N5909 

UC2136 

2N5454 

TD5908 

2N5908 

TSC7107CPL 

ICL7107CPL 

U252 

IT5911 

UC2138 

2N5454 

TD5908A 

2N5908 

TSC7107RCPL 

ICL7107RCPL 

U253 

IT5912 

UC2139 

2N3958 

TD5909 

2N5909 

TSC7109CPL 

ICL7109CPL 

U254 

2N4859 

UC2147 

2N3958 

TD5909A 

2N5909 

TSC7109IJL 

ICL7109IJL 

U255 

2N4860 

UC2148 

2N3958 

TD5911 

IT5911 

TSC7109MJL 

ICL7109MJL 

U256 

2N4861 

UC2149 

2N3958 

TD5911A 

IT5911 

TSC7116CJL 

ICL7n6CJL 

U257 

U257 

UC220 

2N3822 

TD5912 

IT5912 

TSC7116CPL 

ICL7116CPL 

U257/TO-71 

U257/TO-71 

UC240 

2N4869 

TD5912A 

IT5912 

TSC7117CJL 

ICL7117CJL 

U266 

2N4856 

UC241 

2N4869 

TD700 

IT122 

TSC7117CPL 

ICL7117CPL 

U273 

2N4118A 

UC250 

2N4091 

TD701 

IT122 

TSC7126CJL 

ICL7126CJL 

U273A 

2N4118A 

UC251 

2N4392 

TD709 

IT122 

TSC7126RCPL 

ICL7126RCPL 

U274 

2N4119A 

UC2766 

3N166 

TD710 

IT122 

TSC7135CJI 

ICL7135CJI 

U274A 

2N4119A 

UC300 

2N2608 

TD711 

IT122 

TSC7135CPI 

ICL7135CPI 

U275 

2N4119A 

UC310 

2N2607 

TD713 

IT122 

TSC7650 

ICL7650 

U275A 

2N4119A 

UC320 

2N2607 

TIS14 

2N4340 

TSC7660 

ICL7660 

U280 

2N5452 

UC330 

2N2607 

TIS25 

2N3954 

TSC9491 

ICL8069 

U281 

2N5453 

UC340 

2N2607 

TIS26 

2N3954 

TT-590 

AD590 

U282 

2N5453 

UC40 

2N2608 

TIS27 

2N3955 

UllO 

2N2608 

U283 

2N5453 

UC400 

2N5270 

TIS34 

2N5486 

Ulll 

2N2608 

U284 

2N5454 

UC401 

2N5116 

TIS41 

2N4859 

U112 

2N2608 

U285 

2N5454 

UC41 

2N2608 

TIS42 

2N4393 

U113 

2N2608 

U290 

2N5432 

UC410 

2N5268 

TIS58 

2N5484 

U114 

2N2608 

U291 

2N5434 

UC420 

2N5267 

TIS59 

2N5486 

U1177 

2N4220 

U295 

2N5432 

UC450 

2N5114 

TIS68 

2N3955A 

U1178 

2N3821 

U296 

2N5434 

UC451 

2N5116 
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ALTERNATE INTERSIL 

SOURCE PRODUCT EQUIVALENT 

ALTERNATE INTERSIL 

SOURCE PRODUCT EQUIVALENT 

ALTERNATE INTERSIL 

SOURCE PRODUCT EQUIVALENT 

ALTERNATE INTERSIL 

SOURCE PRODUCT EQUIVALENT 

UC588 2N4416 

UC703 2N4220 

UC704 2N4220 

UC705 2N4224 

UC707 2N4860 




UC714 2N3822 

UC714E 2N4341 

UC734 2N4416 

UC734E 2N4416 

UC751 2N4340 




UC752 2N4340 

UC753 2N4341 

UC754 2N4340 

UC755 2N4341 

UC756 2N4340 




UC805 2N5270 

UC807 2N5115 

UC814 2N5270 

UC851 2N2608 

UC853 2N2608 




UC854 2N2608 

UC855 2N2609 

UCN-4111M ICM7038C 

UCN-4112M ICM7051A 

UCN-4113M ICM7038B 




UPD1952P ICM7220MFA 

UPD1962C ICM7050G 

UPD1963C ICM7050 

UPD815C ICM7038E 

UPD816C 1CM7038B 




UPD820C ICM1115B 

UPD833G ICM7223 

UTIOO 2N5397 

UTlOl 2N5397 

UXC2910 IT126 




VCRION 2N4869 

VCRllN VNRllN 

VCR12N 2N3958 

VCR13N 2N3958 

VCR20N 2N4341 




VCR2N VCR2N 

VCR3P VCR2P 

VCR4N VCR4N 

VCR5P VCR5P 

VCR6P VCR6P 




VCR7N VCR7N 

VF28 2N4392 

VF811 2N4858 

VF815 2N4858 

VFW40 IT 122 




VFW40A IT 120 

VR-8069 ICL8069 

W245A ITE4416 

W245B ITE4416 

W245C ITE4416 




W300 2N5398 

W300A 2N5397 

W300B 2N5397 

W300C 2N5397 

W300D 2N5398 




WG-8038 ICL8038 

WK5457 2N5457 

WK5458 2N5458 

WK5459 2N5459 

XR555 ICM7555 




XR556 ICM7556 

XR8038 ICL8038 

ZDT40 IT129 

ZDT41 IT129 

ZDT42 IT129 




ZDT44 IT129 

ZDT45 IT129 
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Section 1 


— Selector Guides 




INTERSIL 

YOUR COMPLETE SOURCE 
FOR INTEGRATED SIGNAL PROCESSING 
COMPONENTS 


Intersil, founded in 1967, is a wholly owned subsidiary of General Electric 
Company U.S.A., and a component of the GE/RCA Solid State Division, 
headquartered in Somerville, New Jersey. 

Intersil’s Semiconductor Business charter has been the development of 
an extensive analog/digital component complement focusing on the com¬ 
mercial, industrial, instrumentation and military markets. Based on the most 
advanced innovations in CMOS technology, it has established itself as a 
frontrunner in products serving the explosive data conversion and digital 
signal processing marketplace. 

Intersil’s expanding product line is headed by a respected portfolio of 
data converters, analog switches and multiplexers, display drivers, digital 
controls and sophisticated linear circuitry. Technology innovations include 
an operational 130-volt CMOS process with 3fjL and 4fx feature sizes, and 
a 5-inch wafer fabrication system. Intersil’s new digital signal processing 
products use advanced very large scale integration (AVLSI) processes with 
a 1 .Sjx feature size, and a 1.25/i process is in the final stages of devel¬ 
opment. Intersil’s next-generation MOS/bIpolar (BiMOS) process that com¬ 
bines the best attributes of MOS and bipolar processing on a single chip. 

Product quality and reliability are fundamental considerations in Intersil’s 
manufacturing facilities. Clean-room environments. Class 100 in critical 
wafer processing areas and Class 5000 in manufacturing areas, easily 
meet recommended standards. A high degree of factory automation has 
phased out slower and less reliable manual operations. 

And, overall, a high dedication to customer service reflects the Intersil 
commitment to be one of the most respected semiconductor suppliers in 
the industry. 
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The proliferation of microprocessors and the general swing 
to digital signal processing has caused an explosion in the 
need for data acquisition products. In turn, the associated 
data translation requirements from the analog world to digital 
format, and vice versa, have spurred considerable effort 
toward making A/D-D/A converters progressively smaller, 
cheaper, and more reliable. Toward that end, Intersil has 
developed a family of integrated circuits designed to meet 
the varying requirements of the system designer. 

All of Intersil’s converters are fabricated using CMOS tech¬ 
nology, which equates, inherently, to extremely low power 
consumption. All maximize on-chip componentry for the 
intended application in order to reduce the external compo¬ 
nent requirements to a minimum. 

To facilitate acquaintance with Intersil products, a number 
of A/D converters are available in the form of low-cost Eval¬ 


uation Kits. The Kits combine the specified converter with a 
number of additional components required to assemble a 
functional subsystem. They include components PC board 
and appropriate assembly instructions. 

Content: 

A/D Converter Systems 
Digital Multimeter 
Instrumentation 
Bargraph 
A/D Converters 
Display Type 
fxP Type 
Evaluation Kits 
D/A Converters 


Analog To Digital Converters 


A/D Converters 
with Display Drivers 

Integrating ND Converters are characterized by high inherent 
accuracy, excellent noise rejection, non-critical associated compo¬ 
nents and low cost. They are relatively slow with conversion rates 
up to 30 conversions per second. All Intersil integrating converters 
provide fully precise Auto-Zero, Auto-Polarity (including ± null indi¬ 
cation), single reference operation, very high input impedance, true 
input integration over a constant period (for maximum EMI rejection), 
fully ratiometric operation, overrange indication and a medium-quality 
built-in reference. 


3^4 Digit LCD 

7-Segment Dispiays iCL7139 

For Low-Cost Autoranging Digitai Muitimeters iCL7149 

These monolithic autoranging multimeter circuits always display 
the results of a conversion on the correct range. Measure AC and 
DC voltage, DC current and resistance in the following ranges: 

DC Voltage — 400mV, 4V, 40V, 400V 
AC Voltage — 400V (ICL7139) 

(Optional ac circuit with 2 ranges (1CL7149)) 
DC Current — 4mA, 40mA, 400mA, 4A 
Resistance — 4K, 40K, 400K, 4M 
On-chip duplex display drive, includes three decimal points and 11 
annunciators. Less than 20m"w power dissipation provides 1000 
hours typical battery life. Continuity output drives piezoelectric beep¬ 
er. Guaranteed zero reading for 0 Volts input on all ranges. 


101-Segment LCD Bargraph 

A-D Converter ICL7182 

The ICL7182 is a complete analog-to-digital converter that directly 
drives a multiplexed liquid crystal display. Included are a charge- 
balance A/D converter, a 2.56V bandgap reference, display decode 
and driver, and a 50KHz oscillator. A complete analog bargraph 
generator requires only the addition of an external display, two pas¬ 
sive components and a 350ju,A, 5V power source. 


4y2 Digit LCD 

7-Segment Displays ICL7129 

For High Quality Battery Operated Instruments 

Very high performance A/D Converter for direct drive of multi¬ 
plexed LCDs. Ideal for high-resolution, hand-held digital multimeters 
and other battery powered (9V) instruments. Accuracy is better than 
0.005% of full scale, with resolution down to 1 0 /aV per count. Over¬ 
range and underrange outputs permit design of autoranging instru¬ 
ments with 10:1 range changing input. Instant continuity check gives 
both visual indication and a logic-level output for enabling an external 
audible transducer. Provisions for detection and indication of Low 
Battery condition. 


For 3V 2 Digit LCD/LED ICL7106/7116, ICL7136/7126 
7-Segment Displays ICL7137-7107, ICL7117 

These 3y2-digit /VD Converters contain all the necessary active 
devices on a single CMOS integrated circuit. Included are A/D Con¬ 
verters, 7-segment decoders, display drivers, a reference and a 
clock. All feature auto-zero to less than IO/aV, zero-input drift of less 
than 1 /aV/°C, input bias current of lOpA max., and rollover and lin¬ 
earity errors of less than one count. True differential inputs and ref¬ 
erence provide wide applications versatility over a temperature range 
from 0 to + 70°C. 


For Liquid 

Crystai 

Dispiays 

ICL7106 — Direct drive; 0.1 to 15 conversions per 
second; supply current = 1.8mA max. 

ICL7116 — Similar to above, but features a Hold 

Reading input which allows indefinite 
retention of a display reading 

ICL7136 — Low-power version of ICL7106, but with 
maximum supply current of only 100/aA 
gives 8000 hours typical 9V battery life. 0.1 
to 4 conversions per second. 

ICL7126 — Earlier version of ICL7136. Recommended for exact 

replacement requirement only. 

For LED 
Displays 

ICL7137 — Low-power, direct drive ADC for common- 
anode, 7-segment LED displays. Requires 
positive and negative 5V supply voltages, 
with supply current of less than 200/liA. 0.1 
to 4 conversions per second. 

ICL7107 — ICL7107 — Earlier version of ICL7137. Recommended for 

exact replacement requirements only. 

ICL7117 — Similar to ICL7137, but requires 1.8mA 

(max.) of supply current and provides up to 

15 conversions per second. Hold Reading 
allows indefinite retention of display reading. 
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juP Compatible A/D Converters 

Integrating 

Intersil integrating /aP-Compatible A/D Converters contain 
both monolithic versions and 2-chip sets, with up to 16-bit 
resolution. All utilize CMOS processing for lowest power con¬ 
sumption, and all have a guaranteed accuracy of 1 count. 

4V2 Digit A/D Converter 

with Multiplexed BCD Output ICL7135 

This precision A/D Converter is suitable for display appli¬ 
cations as well as microprocessor and DART interface. Count 
accuracy of ± 1 in 20,000 makes it ideal for the visual display 
DVM/DPM market, while added functions such as Strobe, 
Run/Hold, Busy, Overrange and Underrange allow operation 
in more sophisticated systems. Chip contains all necessary 
active devices except display drivers, reference and clock. 
All outputs are TTL compatible. 

12-Bit /LiP-Compatible 

A/D Converter ICL7109 

This monolithic 12-bit binary A/D converter may be directly 
accessed under control of two byte-Enable inputs, and a Chip 
Select input, for a simple parallel-bus interface. A UART 
handshake mode operates in conjunction with industry-stan¬ 
dard UARTs to provide serial data transmission. Operates at 
up to 30 conversions per second. Available in three temper¬ 
ature ranges: -55°Cto +125°C, -25°Cto +85°C, and 0®C 
to +70°C. 

14/16-Bit /tP-Compatible ICL8052/ICL7104 

Two-Chip A/D Converter Sets ICL8068/ICL7104 

Available with 14-bit and 16-bit resolution, this two-chip set 
performs the analog signal processing on one chip (ICL8052 
or ICL8068) and the switching and digital functions on the 
other (ICL7104). A combination of chips may be ordered for 
either 14-bit or 16-bit operation and for low-noise or low- 
leakage alternatives. All combinations, however, offer three- 
state, latched, binary outputs plus Polarity and Overrange. 
All combinations operate over a temperature range of 0°C to 
+ 70°C. 


ICL7104-14 

ICL7104-16 

ICL8052 


ICL8068 — 


14-Bit ADC 
16-Bit ADC 

Low input leakage current (30pA max.) 
analog processing circuit. 

Typical noise = 30^V. 

Low noise (2)u,V typical) analog 
processing circuit. Input leakage current 
= 165pA. 


Successive Approximation 

Successive Approximation Converters are generally asso¬ 
ciated with high speed, ranging up to 100,000 conversions 
per second. All Intersil Successive Approximation Converters 
are fxP compatible. 


ADC0802 

8-Bit A/D Converters ADC0803 

for 8080A MPU Interface ADC0804 

This Successive Approximation A/D Converter was 
designed to operate with the 8080A or Z-80 microprocessor 
control bus via three-state outputs with no additional inter¬ 
facing requirements, but permits easy interface to most other 
microprocessors. Differential analog input range is 0 to 5V 
with a single + 5V supply. With a conversion time of less than 
100 fis, it provides up to 8888 conversions per second with 
a clock frequency of 640KHz. 

ADC0802 Total unadjusted error = ± 1/2LSB 
ADC0803 Total full-scale adjust error = ± 1/2LSB 
ADC0804 Total unadjusted error = ± 1LSB 

14-Bit High-Speed 

A/D Converter ICL7115 

With a conversion speed of 40fts (max), this 14-bit ADC 
has a byte organized digital output for bus interface to 8 and 
16-bit microprocessor systems. CMOS circuitry, thin-film 
resistors and an on-chip PROM calibration table combine to 
achieve 13-bit linearity (without laser trimming) and a very 
low (60mW) power dissipation. Available in three temperature 
ranges: 0°C to +70°C, -25°C to +85°C, and -55°C to 
-h125°C. 
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Digital to Analog Converters 


Intersil supplies digital-to-analog converters (D/A convert¬ 
ers) with 8-bit, 10-bit, 12-bit, 14-bit and 16-bit resolution. All 
are four-quadrant multiplying D/A converters using thin-film 


resistors and CMOS circuitry for high accuracy and low power 
dissipation. All are microcomputer compatible, with input pro¬ 
tection against damage from electrostatic discharge. 



*AD7530 and AD7531 are identical to AD7520 and AD7521, respectively, except for output leakage current and feed-through specifications. 


ICL7121 

16-Bit AtP-Compatible 
D/A Converter 

This high-performance 16-bit D/A converter achieves 
0.003% linearity without laser trimming by combining the 
converter with a unique on-chip PROM-controlled correc¬ 
tion circuit. This insures long-term stability and accuracy 
even over the full military temperature range. Silicon-gate 
CMOS circuitry keeps the power dissipation to a very low 
25 mW. 

Designed and programmed for bipolar operation, it can be 
connected to provide a true 2’s complement input transfer 
function without any external resistors. Microprocessor bus 
interfacing is eased by standard memory WRite cycle timing 
and control signal use. The device is available in a 28-pin 
CERDIP package in both 0°C to -h70°C, and -55°C to 
-1-125°C temperature ranges. 
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A/D Converter 
Evaluation Kits 

The following Evaluation Kits are available to permit rapid 
assembly, testing and evaluation of specific A/D converters. 
Each Kit comes complete with a prewired printed circuit board 
and all necessary components (except batteries) for a suit¬ 
able demonstration circuit. Assembly and operating instruc¬ 
tion are supplied. 

ICL7129EV/Kit 

This Kit permits evaluation of the Intersil ICL7129 4 V 2 digit, 
LCD, 7-segment display in a functional DC digital voltmeter 
circuit. It includes the A/D converter IC, a liquid crystal display, 
a 120KHZ crystal, a voltage reference IC and all necessary 
passive components and hardware items. 

ICL7139EV/Klt 

ICL7106/07EV/Kit 

ICL7136EV/Kit 

ICL7106EV/Kit, ICL7107EV/Kit 

To ease evaluation of these unique circuits, Intersil offers 
kits which contain all the necessary components to build a 
3 V 2 digit panel meter. Two kits are offered, the ICL7106EV/ 
Kit and the ICL7107EV/Kit. Both contain the appropriate IC, 
a circuit board, a display (LCD for the ICL7106EV/Kit, LEDs 
for the ICL7107EV/Kit), passive components, and miscella¬ 
neous hardware. 


ICL7136EV/Kit 

Intersil’s ICL7136 is a low-power version of the 3 V 2 digit 
LCD A/D converters. This Kit contains all the components 
necessary to build a battery-operated 3y2 digit panel meter. 
It includes the A/D converter IC, a circuit board, liquid crystal 
display, passive components, and miscellaneous hardware. 

ICL7139EV/Kit 

This Kit uses the Intersil ICL7139 to build a complete 3^4 
digit autoranging multimeter, capable of directly measuring 
voltage, current, and resistance. Included in the Kit are the 
ICL7139 IC, circuit board, liquid crystal display, and all nec¬ 
essary passive components and hardware. 

ICL7182EV/Kit 

With this Kit, the user can easily evaluate a 101 segment 
LCD bargraph A/D converter using Intersil’s ICL7182. Every¬ 
thing necessary to build the completed circuit is included in 
the Kit: The ICL7182 IC, circuit board, 101 segment LCD, 
passive components, and miscellaneous hardware. 


GRAPHICS 


IM2110 

256 X 12 Color Lookup 
Table and DAC 

The IM2110 is designed specifically for color graphics, and 
integrates a 256 x 12 color lookup table, three 4-bit DACs, 
and a microprocessor interface. 

The color lookup table is stored in a RAM and may be 
written asynchronously by an 8- or 16-bit microprocessor. 
Three overlay registers are provided for overlaying cursors, 
grids, text, etc. The chip is capable of simultaneously dis¬ 
playing 256 out of 4096 colors at a 25 MHz rate, for a 640 x 
480 non-interlaced display. 

The IM2110 generates RS-343-A compatible red, green 
and blue analog signals, and is capable of driving doubly- 
terminated 75 n coaxial cables directly. 

The circuit is available in a 40-pin plastic package and 
operates over a temperature range of 0°C to +70°C. 
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ICL7660S/ICL7662S 
Voltage Converters 

These voltage converters transform a positive ( + ) input 
voltage from a power supply to a corresponding negative (-) 
output, resulting in complementary output voltages of -1.5V 
to -12.0V for the ICL7660, and -4.5V to -20V for the 
ICL7662. Only two non-critical external capacitors are 
needed to perform the conversions. The converters can also 
be connected as voltage doublers and will generate output 
voltages of + 18.6V and 22.6V, respectively. 

Available in two temperature ranges, 0®C to 70®C and 
-55°C to +125“C, and three packages, TO-99, 8-pin 
MiniDIP (ICL7660S only) and SOIC. 



ICL7663S 

Programmable Micropower Voltage Regulators 

The ICL7663 (positive) series regulators are low-power, 
high-efficiency devices which accept inputs from 1.6V to 16V 
and provide adjustable outputs over the same range at cur¬ 
rents up to 40mA. Operating current is typically less than 
4)LtA, regardless of load. 

Output current sensing and remote shutdown are available, 
thereby providing protection for the regulators and the circuits 
they power. 

The ICL7663 is available in 8-pin plastic, TO-99 metal can, 
CERDIP, and SOIC packages, in two temperature ranges — 
0 °Cto +70°Cand -25°Cto +85°C. 



ICL7667 

Dual Power MOSFET Driver 

The ICL7667 is a dual monolithic high-speed driver 
designed to convert TTL level signals into high current out¬ 
puts at voltages up to 15V. Its high speed and peak current 
output enable it to drive large capacitive loads with high slew 
rates and low propagation delays. With an output voltage 
swing oniy millivolts less than the supply voltage and a max¬ 
imum supply voltage of 15V, the ICL7667 is well suited for 
driving power MOSFETs in high frequency switched-mode 
power converters. 

Available in commercial and military temperature ranges, 
and in 8-pin plastic DIP, SOIC, CERDIP and TO-99 metal 
packages. 



ICL7673 

Automatic Battery Back-Up Switch 

The ICL7673 automatically switches from the main power 
supply to a battery back-up supply in the event of power loss, 
and back again when power is restored. Ideal for on-board 
battery back-up for real-time clocks, timers, volatile RAMs, 
or portable instruments. Available in 8-pin MiniDIP and TO-99 
packages. 
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ICL7665 

Micropower Under/Over Voltage Detector 

The ICL7665 contains two individually programmable volt¬ 
age detectors on a single chip. Requiring only 3/xA, typical, 
for operation, the device is intended for battery-operated sys¬ 
tems and instruments which require high or low voltage warn¬ 
ings, settable trip points, or fault monitoring and corrections. 

Available in 8-lead CERDIP, MiniDIP, TO-99 metal can and 
SOIC packages with a temperature range from 0°C to 70°C. 



ICL8211/ICL8212 
Programmable Voltage Detector 

These circuits consist of an accurate voltage reference, a 
comparator and a pair of output buffer/drivers. 

The ICL8211 provides a 7mA current limited output sink 
when the voltage applied to the THRESHOLD’ terminals is 
less than 1.15 volts (the internal reference). The ICL8212 
requires a voltage in excess of 1.15 volts to switch its output 
on (no current limit). Both devices have a low current output 
(HYSTERESIS) which is switched on for input voltages in 
excess of 1.15V. The HYSTERESIS output may be used to 
provide positive and noise free output switching using a sim¬ 
ple feedback network. 

Available in 8-iead MiniDip, TO-99 metal can and SOIC 
packages, in commercial and military temperature ranges. 



ICL8069 

Low Voltage Reference 

ICL8069 is a 1.2V temperature compensated voltage ref¬ 
erence. It uses the band-gap principal to achieve excellent 
stability and low noise at reverse currents down to 50)uA. 
Applications include analog-to-digital converters, threshold 
detectors, and voltage regulators. Its low power consumption 
makes it especially suitable for battery operated equipment. 

Available in TO-92 plastic and TO-52 metal packages with 
0°C to 70°C and -55°C to +125'’C temperature ranges 
(metal only) and with temperature coefficients of 0.005 and 
0.01/°C. 


ICL7675/ICL7676 

Swltched-Mode Power Supply Controller Set 

The ICL7675/7676 two-chip set provides the necessary 
control circuitry for regulation of an isolated flyback type 
switching power supply. Specifically designed to operate in 
this type of configuration, the Intersil controller chip-set is 
trimmed to provide a regulated 5V output. The isolated flyback 
converter is the most widely used configuration for switched- 
mode power supplies in 50W to 150W range because of its 
simplicity. The chip-set features soft-start and power switch 
over-current protection. 


ICL7677 

Power Fall Detector 

ICL7677 is a Power Fail Detector which can be incorpo¬ 
rated either into the primary or the secondary side of a power 
supply to give the fastest possible power-fail indication. On 
the primary side, it can simultaneously monitor AC line volt¬ 
age, the reservoir capacitor voltage, primary side current and 
ambient temperature. On the secondary side, it can simul¬ 
taneously monitor up to two DC voltages, one load current 
and the ambient temperature. The circuit has an on-chip 
bandgap-voltage reference to conveniently program the 
detection thresholds. 


ICL7680 

5V to ±15V Voltage Converter 

The ICL7680 is a simple boost-type switched-mode 
converter/inverter chip using minimal external components 
to convert -f-5V to ±15V regulated outputs. An internal 
oscillator is user programmable to optimize efficiency for 
various load conditions. The device features current limiting 
protection together with external shut-down. 
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SPECIAL ANALOG FUNCTIONS 1 ( 1 ) 



ICM7206 

Touch-Tone Encoder 

The ICM7206 is a 2-of-8 sinewave DTMF generator for use in 
telephone dialing systems. Requires a 3.58 MHz crystal and will 
operate with both 3x4 and 4x4 keypads. This low-cost circuit has a 
high current bipolar output driver providing low harmonic distortion. 
Supply voltage range is 3 to 6 volts with power dissipation of less 
than 5.5mW at 5.5 volts. Single and dual tone capability. 

Available in 16-pin plastic DIP with a temperature range from 
-40°C to +85°C. 
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5 12 

[C COL 3 

ROW 4 [C 

6 11 

Cl COL 4 

DISABLE CC 

7 10 

Cl OSC OUT 

vss C 

8 9 

]C OSC IN 

Pin Configuration 


ICL8013 

Four Quadrant Analog Multiplier 

The ICL8013 is a bipolar, four-quadrant analog multiplier whose 
output is proportional to the algebraic product of two input signals. 
Feedback around an internal op-amp provides level shifting and can 
be used to generate division and square root functions. A simple 
arrangement of potentiometers may be used to time gain accuracy, 
offset voltage and feedthrough performance. 

Available in 10-pin TO-100 metal package in both commercial and 
military temperature ranges. 



ICL8038 

Precision Waveform Generator/Voltage Controlled 
Oscillator 

The ICL8038 Waveform Generator is capable of producing high 
accuracy sine, square, triangular, sawtooth and pulse waveforms 
with a minimum of external components. The frequency (or repetition 
rate) can be selected externally from .001 Hz to more than 300KHz 
using either resistors or capacitors, and frequency modulation, and 
sweeping can be accomplished with an external voltage. 

The 14-pin CERDIP package is available with 0°C to -i-70°C, and 
-55°C to +125°C temperature ranges. 


SINEWAVE rr 
ADJUST Li 

— 

23 NC 

SINEWAVE rr 
OUT Li 


^ NC 

TRIANGLE rr 
OUT Li. 

ICL8038 

^ SINEWAVE 

IS ADJUST 

DUTY . [4 
CYCLE 1 1— 


^ V" OR GND 

FREQUENCY \ ^ 
ADJUST ' Li 


^ TIMING 

CAPACITOR 

V -[6 


- 5-1 SQUARE WAVE 

U OUT 

FM 

BIAS LI 


71 FM SWEEP 

INPUT 

Pin Configuration 


AD590 

2-Wire, Current-Output Temperature Transducer 

The AD590 is a 2-wire integrated-circuit temperature transducer 
which produces an output current proportional to absolute temper¬ 
ature. The device acts as a high impedance constant current regu¬ 
lator, passing 1/i,A/°K for supply voltages between +4V and -i-30V. 
Laser trimming of the chip’s thin-film resistors is used to calibrate 
the device to 298.2 fiA output at 298.2°K (-i-25°C). 

The AD590 could be used in any temperature-sensing application 
between - 55®C and +150'’C in which conventional electrical tem¬ 
perature sensors are currently employed. 

Plastic (TO-92) packaged device covers temperature ranges from 
0°C to -I-70C: Metal packaged device (TO-52) covers -55°C to 
-f-150°C range. With slope and offset trimming circuit it is possible 
to adjust devices to give less than 0.1% error over the temperature 
range from 0°C to 90°C. 
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AMPLIFIERS 




Special Purpose Amplifiers 

ICL420/421 

±15V Chopper Stabilized 
Operational Amplifier 

These chopper-stabilized CMOS operational amplifiers are 
designed for signal conditioning, precision and instrumen¬ 
tation type applications. They offer a wide input and operating 
supply range, allowing virtual plug-in replacements for con¬ 
ventional lower-performance amplifiers, requiring only two 
additional external capacitors. 

The ICL420 (8-pin) and ICL421 (14-pin) devices draw a 
maximum supply current of 2 mA and are available in all 
temperature ranges. 

ICL7605/7606 

Commutating Auto-Zero (CAZ) 

Instrumentation Amplifier, CMOS 

The ICL7605/ICL7606 CMOS commutating auto-zero 
(CAZ) instrumentation amplifiers are intended for low- 
frequency operation in applications such as strain gauge 
amplifiers which require voltage gains from 1 to 1000 and 
bandwidths from DC to 10Hz. Since the CAZ amp automat¬ 
ically corrects itself for internal errors, the only periodic adjust¬ 
ment required is that of gain, which is established by two 
external resistors. This, combined with extremely low offset 
and temperature coefficient figures, makes the CAZ instru¬ 
mentation amplifier very desirable for operation in severe 
environments (temperature, humidity, toxicity, radiation, etc.) 
where equipment service is difficult. 

Available in three temperature ranges. 


ICL8048/ICL8049 
Log/Antilog Amplifier 

The 8048 is a monolithic logarithmic amplifier capable of 
handling six decades of current input, or three decades of 
voltage input. It is fully temperature compensated and is nom¬ 
inally designed to provide 1 volt of output for each decade 
change of input. For increased flexibility, the scale factor, 
reference current and offset voltage are externally adjustable. 

The 8049 is the antilogarithmic counterpart of the 8048; it 
nominally generates one decade of output voltage for each 
1 volt change in the input. 


ICL8063 

Power Transistor Driver/Amplifier 

The ICL8063 is a monolithic transistor driver and amplifier 
primarily intended for driving complementary output stages. 

The ICL8063 takes the output levels (typical ±11V) from 
an op amp and boosts them to ± 30V to drive power tran¬ 
sistors, (e.g. 2N3055 (NPN) and 2N3789 (PNP)). The outputs 
from the ICL8063 supply up to 100mA to the base leads of 
the external power transistors. 


Content: 

Special Purpose Amplifiers 
Instrumentation Amplifiers 
Log/Antilog Amplifiers 
Drive Amplifier for Power Transistors 
Operational Amplifiers 
General Purpose 
Low Power 

Low Input Offset Voltage 
Low Input Bias Qurrent 


Features: 

• Input Offset Voltage — 2/iV 

• Input Offset Voltage Drift — 0.2/iV/Year 

• Common Mode Input Voltage Range — 0.3V Above 
Supply Rail 

• Common Mode Rejection Ration — 100 dB 

• Operates at Supply Voltages As Low As ± 2V 

• Short Circuit Protection On Outputs 

• Compensated (ICL7605) or Uncompensated (ICL7606) 
Versions 


Features: 

• V 2 % Full Scale Accuracy 

• Temperature Compensated for 0®C to +70®C 

• Scale Factor IV/Decade, Adjustable 

• 120dB Dynamic Current Range (8048) 

• 60dB Dynamic Voltage Range (8048 & 8049) 

• Dual JFET-Input Op-Amps 


Features: 

• When Used in Conjunction with General-Purpose Op 
Amps and External Complementary Power Transis¬ 
tors, System Can Deliver >50 Watts to External Loads 

• Built-In Safe Area Protection and Short-Circuit 
Protection 

• Built-In ±13V Regulators to Power Op Amps or Other 
External Functions 
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Operational Amplifiers 


Intersil offers a range of single and multiple monolithic oper¬ 
ational amplifiers suitable for a number of specific applica¬ 
tions categories. Included are bipolar Super-Beta and 
Chopper-Stabilized CMOS devices for very low input offset 
requirement, a selection of PMOS and JFET-input devices 


for very low bias currents, as well as general-purpose and 
low-power amplifiers for a broad range of applications. 

All monolithic operational amplifiers are available in a vari¬ 
ety of packages and in die form. 


Operational Amplifiers: General Purpose 






Siew 




Temperature 



Vqs 

■bias 

Rate 

GBW 

Compen¬ 

VSUPPLY 

Range 

Type 

Description 

(mV Max) 

(pA Max) 

(V/ms) 

(MHz) 

sation 

(V Max) 

CC) 


SINGLES 


ICL7611 

CMOS, Selectable Iq 

2, 5, 15 

50 

1.6 

1.4 

INT 

±9 

Oto +70 
-55 to +125 

ICL8007M 

JFET Input Op-Amp 

20 

20 

6 

1.0 

INT 

±18 

-55 to +125 

ICL8007C 

JFET Input Op-Amp 

50 

50 

6 

1.0 

INT 

±18 

0 to +70 


DUALS 


ICL7621 

CMOS, Fixed Iq 

2,5,15 

50 

0.16 

0.48 

INT 

±9 

0 to +70 
-55 to +125 

ICL8043M 

JFET Input Op-Amp 

20 

20 

6 

1.0 

INT 

±18 

-55 to +125 

ICL8043C 

JFET Input Op-Amp 

50 

50 

6 

1.0 

INT 

±18 

Oto +70 

TRIPLES 

ICL7631 

CMOS, Selectable Iq 

5, 10, 20 

50 

1.6 

_ . _ J 

INT 

±9 

_ 

Oto +70 
-55 to +125 

QUADS 

1 ICL7641 

CMOS, Fixed Iq 

5,10,20 

50 

! 1-6 

1-4 

INT 

1 ^9 

Oto+70 1 


-55 to +125 


Low Power 




(QUIESCENT 



1 



Temperature 



(Per Channel) 

VsUPPLY 

Vqs 

'bias 

GBW 

Compen¬ 

Range 

Type 

Description 

A Typ) 

(V Max) 

(mV Max) 

(nA Max) 

(MHz) 

sation 

rc) 


SINGLES 


ICL7611 

CMOS, Selectable Iq 

10 

±9 

2, 5, 15 

0.05 

0.044 

INT 

Oto +70 & 

ICL7612 

CMOS, Extended CMVR 

10 

±9 

2, 5, 15 

0.05 

0.044 

INT 

-55 to +125 

ICL8021M 

Bipolar, Selectable Iq 

30 

±18 

3 

20 

0.27 

INT 

-55 to +125 

ICL8021C 

Bipolar, Selectable Iq 

30 

±18 

6 

30 

0.27 

INT 

Oto +70 


TRIPLES 


ICL7631 

CMOS, Selectable Iq 

10 

±9 

5, 10, 20 

0.05 

0.044 

INT 

Oto +70 & 

ICL8023M 

Triple 8021M 

30 

±18 

3 

20 

0.27 

INT 

-55 to +125 

ICL8023C 

Triple 8021C 

30 

±18 

6 

1 30 

0.27 

INT 

Oto +70 


QUADS 


ICL7642 

CMOS, Fixed Iq 

10 

±9 

5, 10, 20 

0.05 

0.044 

INT 

Oto +70 & 









-55 to +125 
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AMPLIFIERS 




Operational Amplifiers: Special Purpose 


Low/Ultra-low Input Offset Voltage 





AVos/AT 

AVos/At 




Temperature 



Vos 

(p^^rC) 

(nV/month) 

iBiAS 

GBW 

VSUPPLY 

Range 

Type 

Description 

(mV Max) 

(Max) 

(Typ) 

(pA Max) 

(MHz) 

(V Max) 

(“O 


SINGLES 


ICL7650C 

CMOS, Chopper-stabilized 

±8 

±0.02 

100 

20 

2.0 

±9 

0 to +70 

ICL7650I 

CMOS, Chopper-stabilized 

±10 

±0.02 

100 

50 

2.0 

±9 

-25 to +85 

ICL7650M 

CMOS, Chopper-stabilized 

±20 

±0.03 

100 

500 

2.0 

±9 

-55 to +125 

ICL7652C 

Low-noise 7650C 

±7 

±0.01 

100 

30 

0.5 

±9 

Oto +70 

ICL7652I 

Low-noise 7650I 

±10 

±0.02 

100 

30 

0.5 

±9 

-25 to +85 

ICL7652M 

Low-noise 7650M 

±50 

±0.1 

100 

500 

0.5 

±9 

-55 to +125 


Low Input Bias Current 










Temperature 



■BiAS 

iQS 

Vos 

GBW 

Compen¬ 

VsUPPLY 

Range 

Type 

Description 

(pA Max) 

(pA Typ) 

(mV Max) 

(MHz) 

sation 

(V Max) 

(°C) 


SINGLES 


ICL7611 

CMOS, Selectable Iq 

50 

0.5 

2, 5, 15 

1.4 

INT 

±9 

0 to +70 & 

ICL7612 

CMOS, Extended CMVR 

50 

0.5 

2, 5. 15 

1.4 

INT 

±9 

-55 to +125 

ICL8007M 

JFET Input Op-Amp 

20 

0.5 

20 

1.0 

INT 

±18 

-55 to +125 

ICL8007AM 

JFET Input, Low Bias 

4.0 

0.2 

30 

1.0 

INT 

±18 

-55 to +125 

ICL8007C 

JFET Input Op-Amp 

50 

0.5 

50 

1.0 

INT 

±18 

0 to +70 

ICL8007AC 

JFET Input, Low Bias 

4.0 

0.2 

30 

1.0 

INT 

±18 

0 to +70 

ICH8500 

PMOS Input 

0.1 

— 

50 

0.7 

INT 

±18 

-25 to +85 

ICH8500A 

PMOS Input, Low Bias 

0.01 

— 

50 

0.7 

INT 

±18 

-25 to +85 


DUALS 


ICL7621 

CMOS, Fixed Iq 

50 

0.5 

2, 5, 15 

0.48 

INT 

±9 

0 to +70 
& 

- 55 to +125 

ICL8043M 

JFET Input Op-Amp 

20 

0.5 

20 

1.0 

INT 

±18 

-55 to +125 

ICL8043C 

JFET Input Op-Amp 

50 

0.5 

50 

1.0 

INT 

±18 

0 to +70 


TRIPLES 


ICL7631 

CMOS, Selectable Iq 

50 

0.5 

5, 10, 20 

1.4 

INT 

±9 

0 to +70 
& 

-55 to +125 

QUADS 

ICL7641 

CMOS, Fixed Iq 

50 

0.5 

5, 10, 20 

1.4 

INT 

±9 

0 to +70 
& 

ICL7642 

CMOS, Fixed Iq 

50 

0.5 

5, 10, 20 

0.044 

INT 

±9 

-55 to +125 
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ANALOG SWITCHES AND MULTIPLEXERS KDinMllMllLl 


Content: 


General Purpose Analog Switches 


General Purpose Analog Switches 

Drivers for FET Switches 

Low Cost, Virtual Ground Switch Family 

RF/Video Switch Family 

Multiplexers 


Intersil offers two general-purpose switch lines, each with greater reliability. All have break-before-make switch action, 

various switch configurations. The first consists of bipolar All switches are available in commercial and military tern- 

drivers controlling an associated set of field-effect switching perature ranges. Package options include Plastic DIP, CER- 

transistors in a multi-chip structure that provides a wide DIP, Flat Pack and Metal Can (not all options are available 

choice of parameters at low cost. The second is a monolithic for all device types). 

CMOS structure capable of improved performance and 


General Purpose Analog Switches 





Switch Parameters | 

Switch 

Special 

Switch 

RdS(ON) 

b(OFF) 

tON 

tOFF 

Anaiog Voitage Range 

Family 

Features 

Type 

(n Max) 

(nA Max) 

(ns Max) 

(ns Max) 

(VsuPPLY = ±15V) 


Multichip 


DG123-125 

Inverting/non-inverting logic 
inputs 

PMOS 

600 

4 

300 

1000 

— 

DG126-154 

Dual Channel 


10 

10 

1000 

2500 


DG139-164 

Single Channel 


15 

10 

1000 

2500 




N-JFET 

30 

1 

600 

1600 

— 




50 

1 

600 

1600 





80 

1 

600 

1600 



Mature, Industry-standard switch, 


10 

10 

300 

250 

-7.5 to + ^5 

DG180-191 

JAN38510 Approved 

N-JFET 

30 

1 

150 

130 

-7.5 to +15 




75 

1 

250 

130 

-10 to +15 


Monolithic 


DGM181-191 

Monolithic replacement for 

CMOS 

50 

2.0 

250 

200 

-15to +15 


DG180 family 


75 

0.5 

450 

250 

-15to +15 

DG200/201 

Industry-standard low cost 

CMOS 

70/80 

2.0 

1000 

500 

-15to +15 

DG211 

Inverting 

CMOS 

175 

5.0 

1000 

500 

-15to +15 

DG212 

Noninverting 







DG300A-303A 

TTL compatible, low power 

CMOS 

50 

1.0 

300 

250 

-15to +15 

IH311 

High Speed Inverting 

CMOS 

175 

100 

300 

150 

-15to +15 

IH312 

Noninverting 

CMOS 






IH5040-47 

Low quiescent current 

CMOS 

75 

1.0 

750 

350 

-10 to +10 

IH5048-51 

Low RdS(ON) 


40 

1.0 

500 

250 

-lOto +10 

IH5052-53 


75 

1.0 

500 

250 

-11 to +11 

IH5140-45 

High speed, low power, low 
leakage 

CMOS 

50 

0.5 

100 

75 

-11 to +11 

IH5148-51 

Low RdS(ON)> speed, low 

CMOS 

25 

0.5 

250 

200 

-14 to +14 


power 




350 

250 







500 

250 



Separate Driver/Switch Combinations 


IH6201 

TTL level translator/driver 

N-JFET 30 

0.5 

50 (Typ) 

150 (Typ) 

15 p-p (Min) 

IH401/A 

Low charge injection switch 

30/50 

0.5 

50 (Typ) 

150 (Typ) 

20 p-p (Min) 


Drivers for FET Switches 

Monolithic bipolar drivers convert low-level positive logic 
to high-level positive and negative voltages necessary to 
drive FET switches. 


Type 

Number of 
Channels 

Output Swing 

tQN 

toFF 

Positive 
(V Max) 

Negative 
(V Max) 

ns 

Max 

ns 

Max 

D123 

6 TTL/DTL 

^Supply 

-19.7 

250 

400-800 

D125 

6 TTL 

VSupply 

-19.7 

250 

400-800 

D129 

4 TTL7DTL 

VSupply 

-19.3 

250 

1000 

IH6201 

2 TTL 

+ 14.0 

-14.0 

200 

300 


1-12 









Switch Configuration (Diagram) 



I 


DG200 DG201 


DG301A DG300A 


IH5040 IH5041 

IH5048 


1H5140 IH5141 







DG146 

DG161 

DG144 

DG162 

DG143 



DG140 

DG153 

DG129 

DG154 

DG126 

DG145 

DG163 

DG139 

DG164 

DG142 

DG186 

DG187 

DG188 

DG189 

DG190 

DG191 


DG183 

DG184 

DG185 




DGM190 

DGM191 


DGM184 

DGM185 













DG303A 


DG302A 





I 


1H5042 

IH5050 

IH5043 

IH5051 

IH5044 

IH5045 

IH5049 

IH5046 

IH5142 

1H5143 

IH5144 

IH5145 


IH5150 

IH5151 


IH5149 
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Analog Switches and Multiplexers 




Virtual Ground Switches, JFETs (P-Channel) 

Each package contains up to four channels of analog gating 
designed to eliminate the need for external drivers. The odd- 
numbered devices are designed to be driven directly from 
TTL open-collector logic (15V). Each channel simulates a 
SPOT switch. The parts are intended for high-performance 
multiplexing and commutating use. All have turn-on/turn-off 
times of 500 ns and a leakage current (iD(off)) of ^-2 nA. 


Switch Configuration 




SPST 

Dual 

SPST 

Triple 

SPST 

Quad 

SPST 

Special 

Features 

Switch 

Type 

roSion) 
{a Max) 

IH5021 

IH5017 

IH5013 

IH5009 

Common 


100 

IH5022 

IH5018 

IH5014 

IH5010 

Output 

P-JFET 

150 

IH5023 

IH5019 

IH5015 

IH5011 

Separate 

100 

IH5024 

IH5020 

IH5016 

IH5012 

Output 


150 


IH5017/5018 



1 . __J 




_ 

^rkJ 



-1^ 

i' i 

1 1 



1 8 
(14) 


IH5019/5020 



1 . ■_J 


- 


0 ^- 


0 — 

-1^ 1 

1 1 

1 1 



Examples of Common Output and Separate Output 
Switch Configurations 


RF/Video Switches, CMOS 

Designed for high-frequency operation, these switches uti¬ 
lize a “T” configuration where a shunt switch is closed when 
the switch is open. This provides superior isolation between 
input and output and greatly improves performance in the 
video and RF region. Switch attenuation varies less than 3 dB 
from dc to 100 MHz. Available in three (commercial and mil¬ 
itary) temperature ranges and in 14-pin plastic DIP and 10-pin 
TO-100 metal package. 


Switch Configuration 

rDSfon) 
(11 Max) 

iD(off) 
(nA Max) 

tQN 

(ns Max) 

tQFF 
(ns Max) 

Du? 

SPST 

Quad 

SPST 

IH5341 
_1 

IH5352 

75 

1.0 

' 300 

150 


Multiplexers 


Intersil provides three multiplexer families — a standard 
IH6000 Family featuring low rQS(ON); equivalent fault- 
protected IH5000 series which ensures that an OFF channel 
will remain OFF when the input exceeds the supply rails by 
up to ± 25 V, even with the supply voltage at zero; a multiplex/ 
demultiplex unit with on-board data latches and control pins 
for microprocessor interface. All utilize CMOS technology for 
extremely low quiescent operating current. 


CIRCUIT OF SWITCH CHANNEL 



1 CHANNEL OF 4 SHOWN 


Internal Switch Configuration 



Examples of Single-Ended and Differential Configurations 


Switch 

Family 

Special Features 

11 

ll 

'D(OFF) 
(nA Max) 

tQN 

(ns Max) 

tQFF 
(ns Max) 

Analog 

Voltage 

Range 

^Supply = 
(±15V) 

Configuration j 

8 

Channel 

Single 

Ended 

4 

Channel 

Differ¬ 

ential 

16 

Channel 

Single 

Ended 

8 

Channel 

Differ¬ 

ential 

IH5000 

Series 

Industry standard pinouts, fault 
protection up to ± 25V input, 
low leakage, low input current 

900 

1.0 

1500 

1000 

-25 to +25 
(Input) 

IH5108 

IH5208 



1000 

1.0 

1500 

1000 

-25 to +25 
(Input) 



IH5116 

IH5216 

IH6000 

Series 

Industrial standard pinouts, low 
leakage, low RdS(ON) break 
before make switching 

300 

2.0 

1500 

1000 

-14to +14 

IH6108 

IH6208 



600 

2.0 

1500 

1000 

-14to +14 



IH6116 

IH6216 

IH9108 

Multiplexer/Demultiplexer with 
latches for fiP based systems 

120 

2.5 

2000 

1000 

-50 to +50 

IH9108 
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Switching Transistors 

Junction FETs — N-Channel 


•'DS(ON) 

PART n 

NUMBER PACKAGE** Max 


Vp IqSS BVqsS iD(OFF) ioSS 

V pA V pA mA 

Min Max Max Min Max Min Max 


2N3824 

TO-72 

250 


8.0 

-100 

-50 




3 

2N3970 

TO-18 

30 

-4.0 

-10.0 

-250 

-40 

250 

50 

150 

50 6 

2N3971 

TO-18 

60 

-2.0 

-5.0 

-250 

-40 

250 

25 

75 

90 6 

2N3972 

TO-18 

100 

-0.5 

-3i) 

-250 

-40 

250 

5 

30 

180 6 

* 2N4091 

TO-18 

30 

-5.0 

-10.0 

-200 

-40 

200 

30 


65 5 

2N4091A 

TO-18 

30 

-5.0 

-10.0 

-40 

-50 

200 

30 


65 5 

* 2N4092 

TO-18 

50 

-2.0 

-7.0 

-200 

-40 

200 

15 


95 5 

2N4092A 

TO-18 

50 

-2.0 

-7.0 

40 

-50 

200 

15 


95 5 

* 2N4093 

TO-18 

80 

-1.0 

-5.0 

-200 

-40 

200 

8 


140 5 

2N4093A 

TO-18 

80 

-1.0 

-5.0 

40 

-50 

200 

8 


140 5 

2N4391 

TO-18 

30 

-4.0 

-10.0 

-100 

-40 

100 

50 

150 

55 3.£ 

2N43g2 

TO-18 

60 

-2.0 

-5.0 

-100 

-40 

100 

25 

75 

75 3.‘ 

2N4393 

TO-18 

100 

-0.5 

-3.0 

-100 

-40 

100 

5 

30 

100 3.J 

* 2N4856 

TO-18 

25 

-4.0 

-10.0 

-250 

-40 

250 

50 


34 8 

* 2N4857 

TO-18 

40 

-2.0 

-6.0 

-250 

-40 

250 

20 

100 

60 8 

* 2N4858 

TO-18 

60 

-0.8 

-4.0 

-250 

-40 

250 

8 

80 

120 8 

* 2N4859 

TO-18 

25 

-4.0 

-10.0 

-250 

-30 

250 

50 


34 8 

* 2N4860 

TO-18 

40 

-2.0 

-6.0 

-250 

-30 

250 

20 

100 

60 8 

* 2N4861 

TO-18 

60 

-0.8 

-4.0 

-250 

-30 

250 

8 

80 

120 8 

2N4978 

TO-18 

20 

-2.0 

-8.0 

-500 

-30 

500 

15 


55 8 


- 10.0 -200 -2 

-9.0 -200 -2 

-4.0 -200 -2 

-10.0 -InA -2 

-12.0 -InA -3 

-8.0 -InA -3 

-6.0 -InA -3 

-12.0 -InA -3 




24 4 

44 4 

63 4 

24 3.5 

44 3.5 


0-92 

30 

-5.0 

-10.0 

-200 

-40 

200 

30 


65 

0-92 

50 

-2.0 

-7.0 

-200 

-40 

200 

15 


95 

0-92 

80 

-1.0 

-5.0 

-200 

-40 

200 

8 


140 

0-92 

30 

-4.0 

-10.0 

-100 

-40 

100 

50 

150 

55 C 

0-92 

60 

-2.0 

-5.0 

-100 

-40 

100 

25 

75 

75 • 

0-92 

100 

-0.5 

-3.0 

-100 

-40 

100 

5 

30 

100 C 


14 High Isolation 

14 High Isolation 

14 High Isolation 

18 High Isolation 

18 High Isolation 

18 High Isolation 

18 High Isolation 

18 High Isolation 

18 High Isolation 

35 Low rDS(ON) 


30 Low rDS(ON) 
30 Low r0S(ON) 
30 Low 


10 Low Cost 

10 Low Cost 

10 Low Cost 

10 Low Cost 

10 Low Cost 
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DISCRETE PRODUCTS 



Switching Transistors (Continued) 

Junction FETs — N-Channel (Continued) 


PART 

NUMBER 

PACKAGE** 

>’DS(ON) 

Vp 

V 

Min 

Max 

less 

pA 

^|ax 

BVqss 

V 

Min 

•d(OFF) 

pA 

Max 

loss 

mA 

Min Max 

ns 

Mjax 

Crss 

PF 

^Max 

Ciss 

pF 

^Max 

COMMENTS 

J105 

TO-92 

3 

-4.5 

-10.0 

-3nA 

-25 

3nA 

500 


20 



Lowest rDS(ON) 

J106 

TO-92 

6 

-2.0 

-6.0 

-3nA 

-25 

3nA 

200 


20 



Lowest rQS(ON) 

J107 

TO-92 

8 

-0.5 

-4.5 

-3nA 

-25 

3nA 

100 


20 



Lowest rDS(ON) 

J108 

TO-92 

8 

-3.0 

-10.0 

-3nA 

-25 

3nA 

80 


41 



Low Cost 

J109 

TO-92 

12 

-2.0 

-6.0 

-3nA 

-25 

3nA 

40 


41 



Low Cost 

J110 

TO-92 

18 

-0.5 

-4.0 

-3nA 

-25 

3nA 

10 


41 



Low Cost 

J111 

TO-92 

30 

-3.0 

-10.0 

-InA 

-35 

InA 

20 


48 



Lowest Cost 

J112 

TO-92 

50 

-1.0 

-5.0 

-InA 

-35 

InA 

5 


48 



Lowest Cost 

J113 

TO-92 

100 

-0.5 

-3.0 

-InA 

-35 

InA 

2 


48 



Lowest Cost 

J114 

TO-92 

150 


-10.0 

-InA 

-25 

InA 

15 


26 



Low Cost 

PN4091 

TO-92 

30 

-5.0 

- 10.0 

-200 

-40 

200 

30 


65 

5 

16 

Low Cost 

PN4092 

TO-92 

50 

- 2.0 

-7.0 

-200 

-40 

200 

15 


95 

5 

16 

Low Cost 

PN4093 

TO-92 

80 

- 1.0 

-5.0 

-200 

-40 

200 

8 


140 

5 

16 

Low Cost 

PN5432 

TO-92 

5 

-4.0 

- 10.0 

-200 

-25 

200 

150 


41 , 

15 

30 

Lowest rDS(ON) 

PN5433 

TO-92 

7 

- 3.0 

- 9.0 

-200 

-25 

200 

100 


41 

15 

30 

Lowest rDS(ON) 

PN5434 

TO-92 

10 

- 1.0 

-4.0 

-200 

-25 

200 

30 


41 

15 

30 

Lowest rDS(ON) 

U200 

TO-18 

150 

-0.5 

-3.0 

-InA 

-30 

InA 

3 

25 


8 

30 

Low Cost 

U201 

TO-18 

75 

-1.5 

-5.0 

-InA 

-30 

InA 

15 

75 


8 

30 

Low Cost 

U202 

TO-18 

50 

-3.5 

- 10.0 

-InA 

-30 

InA 

30 

150 


8 

30 

Low Cost 

U1897 

TO-92 

30 

-5.0 

- 10.0 

-400 

-40 

200 

30 


65 

5 

16 

Low Cost 

U1898 

TO-92 

50 

- 2.0 

-7.0 

-400 

-40 

200 

15 


95 

5 

16 

Low Cost 

U1899 

TO-92 

80 

- 1.0 

-5.0 

-400 

-40 

200 

8 


140 

5 

16.. 

Low. Cost 


Junction FETs — P-Channei 


2N3382 

TO-72 

300 

1.0 

5.0 

15nA 

30 

-2nA 

-3 

-30 



16typ 

Low rQS(ON) 

2N3384 

TO-72 

180 

4.0 

5.0 

15nA 

30 

-2nA 

-15 

-30 



16 typ 

Low rDS(ON) 

2N3386 

TO-72 

150 

4.0 

9.5 

15nA 

30 

-2.5nA 

-15 

-50 



16 typ 

Low rQS(ON) 

2N3993 

TO-72 

150 

4.0 

9.5 

1.2nA 

25 

-1.2nA 

-10 



4.5 

16 


2N3994 

TO-72 

300 

1.0 

5.5 

1.2nA 

25 

-1.2nA 

-2 



4.5 

16 


2N5018 

TO-18 

75 


12.0 

2nA 

30 

-10nA 

-10 


100 

10 

45 

Low rDS(ON) 

2N5019 

TO-18 

150 


7.0 

2nA 

30 

-lOnA 

-5 


215 

10 

45 

Low rDS(ON) 

* 2N5114 

TO-18 

75 

5.0 

10.0 

500 

30 

-500 

-30 

-90 

37 

7 

25 

Low rDS(ON) 

* 2N5115 

TO-18 

100 

3.0 

6.0 

500 

30 

-500 

-15 

-60 

66 

7 

25 

Low rDS(ON) 

* 2N5116 

TO-18 

150 

1.0 

4.0 

500 

30 

-500 

-5 

-25 

102 

7 

25 

Low rQS(ON) 

moo 

TO-18 

75 

2.0 

4.5 

200 

35 

-100 

-10 



12 

35 

TTL Compatible 

IT101 

TO-18 

60 

4.0 

10.0 

200 

35 

-100 

-20 



12 

35 

TTL Compatible 

J174 

TO-92 

85 

5.0 

10.0 

InA 

30 

-InA 

-20 

-100 

22 



Low Cost 

J175 

TO-92 

125 

3.0 

6.0 

InA 

30 

-InA 

-7 

-60 

45 



Low Cost 

J176 

TO-92 

250 

1.0 

4.0 

InA 

30 

-InA 

-2 

-25 

70 



Low Cost 

J177 

TO-92 

300 

0.8 

2.25 

InA 

30 

-InA 

-1.5 

-20 

90 



TTL Compatible 

PN5114 

TO-92 

75 

5.0 

10.0 

500 

30 

-500 

-30 

-90 

37 

7 

25 

Low Cost 

PN5115 

TO-92 

100 

3.0 

6.0 

500 

30 

-500 

-15 

-60 

68 

7 

25 

Low Cost 

PN5116 

TO-92 

150 

1.0 

4.0 

500 

30 

-500 

-5 

-25 

102 

7 

25 

Low Cost 

U304 

TO-18 

85 

5.0 

10.0 

500 

30 

-500 

-30 

-90 

70 

7 

27 

High Off isolation 

U306 

TO-18 

110 

3.0 

6.0 

500 

30 

-500 

-15 

-60 

105 

7 

27 

High Off isoiation 

U306 

TO-18 

175 

1.0 

4.0 

500 

30 

-500 

-5 

-25 

140 

7 

27 

High Off isoiation 


•Also available as JAN/JANTX & JANTXV 

••Most TO-92’s are available lead formed to a TO-18 or TO-5 pinout. Also available in tape and reel (EIA STD RS-468). 
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DISCRETE PRODUCTS 




Amplifier Transistors 

Junction FETs — N-Channel 


PART 

NUMBER 

PACKAGE** 

Qfs 

/xmho 

Min 

loss 

mA 

Min Max 

Vp 

V 

Min 

Max 

■gss 

pA 

Max 

BVqss C|ss 

V pF 

Min Max 

C«s 

pF 

Max 

On 

nV/VHz 

Max 

COMMENTS 

N-Channel: 

2N3684 

TO-72 

2000 

2.5 

7.5 

-2.0 

-5.0 

-100 

-50 

4 

1.2 

150 @ 20Hz 

Low Noise 

2N3685 

TO-72 

1500 

1.0 

3.0 

-1.0 

-3.5 

-100 

-50 

4 

1.2 

150 @ 20Hz 

Low Noise 

2N3686 

TO-72 

1000 

0.4 

1.2 

-0.6 

-2.0 

-100 

-50 

4 

1.2 

150 @ 20Hz 

Low Noise 

2N3687 

TO-72 

500 

0.1 

0.5 

-0.3 

-1.2 

-100 

-50 

4 

1.2 

150 @ 20Hz 

Low Noise 

* 2N3821 

TO-72 

1500 

0.5 

2.5 


-4.0 

-100 

-50 

6 

3 

200 @ 10Hz 

GPA 

2N3822 

TO-72 

3000 

2.0 

10.0 


-6.0 

-100 

-50 

6 

3 

200 @ 10Hz 

GPA 

2N3823 

TO-72 

3500 

4.0 

20.0 

-1.0 

-7.5 

-500 

-30 

6 

2 

2.5dB @ 100MHz 

VHF Amp 

2N4117 

TO-72 

70 

0.03 

0.09 

-0.6 

-1.8 

-10 

-40 

3 

1.5 


Low Leakage 

2N4117A 

TO-72 

70 

0.03 

0.09 

-0.6 

-1.8 

-1 

-40 

3 

1.5 


Low Leakage 

2N4118 

TO-72 

80 

0.08 

0.24 

-1.0 

-3.0 

-10 

-40 

3 

1.5 


Low Leakage 

2N4118A 

TO-72 

80 

0.06 

0.24 

-1.0 

-3.0 

-1 

-40 

3 

1.5 


Low Leakage 

2N4119 

TO-72 

100 

0.2 

0.6 

-2.0 

-6.0 

-10 

-40 

3 

1.5 


Low Leakage 

2N4119A 

TO-72 

100 

0.2 

0.6 

-2.0 

-6.0 

-1 

-40 

3 

1.5 


Low Leakage 

2N4220 

TO-72 

1000 

0.5 

3.0 


-4.0 

-100 

-30 

6 

2 


Low Cost 

2N4220A 

TO-72 

1000 

0.5 

3.0 


-4.0 

-100 

-30 

6 

2 

2.5dB @ lOOHz 

GPA 

2N4221 

TO-72 

2000 

2.0 

6.0 


-6.0 

-100 

-30 

6 

2 


Low Cost 

2N4221A 

TO-72 

2000 

2.0 

6.0 


-6.0 

-100 

-30 

6 

2 

2.5dB @ 100Hz 

GPA 

2N4222 

TO-72 

2500 

5.0 

15.0 


-8.0 

-100 

-30 

6 

2 


Low Cost 

2N4222A 

TO-72 

2500 

5.0 

15.0 


-8.0 

-100 

-30 

6 

2 

2.5dB @ 100H2 

GPA 

2N4223 

TO-72 

3000 

3.0 

18.0 

-0.1 

-8.0 

-250 

-30 

6 

2 


Low Cost 

2N4224 

TO-72 

2000 

2.0 

20.0 

-0.1 

-0.8 

-150 

-30 

6 

2 


Low Cost 

2N4338 

TO-18 

600 

0.2 

0.6 

-0.3 

-1.0 

-100 

-50 

7 

3 

65 @ 1kHz 

General Purpose Amp 

2N4339 

TO-18 

800 

0.5 

1.5 

-0.6 

-1.8 

-100 

-50 

7 

3 

65 @ 1kHz 

General Purpose Amp 

2N4340 

TO-18 

1300 

1.2 

3.6 

-1.0 

-3.0 

-100 

-50 

7 

3 

65 @ 1kHz 

General Purpose Amp 

2N4341 

TO-18 

2000 

3.0 

9.0 

-2.0 

-6.0 

-100 

-50 

7 

3 

65 @ 1kHz 

General Purpose Amp 

2N4416 

TO-72 

4500 

5.0 

15.0 


-6.0 

-100 

-30 

4 

2 


High Gain 

2N4867 

TO-72 

700 

0.4 

1.2 

-0.7 

-2.0 

-250 

-40 

25 

5 

10 @ 1kHz 

Audio Amp 

2N4867A 

TO-72 

700 

0.4 

1.2 

-0.7 

-2.0 

-250 

-40 

25 

5 

5 @ 1kHz 

Low Noise/GPA 

2N4868 

TO-72 

1000 

1.0 

3.0 

-1.0 

-3.0 

-250 

-40 

25 

5 

10 @ 1kHz 

Audio Amp 

2N4868A 

TO-72 

1000 

1.0 

3.0 

-1.0 

-3.0 

-250 

-40 

25 

5 

5 @ 1kHz 

Low Noise/GPA 

2N4869 

TO-72 

1300 

2.5 

7.5 

-1.8 

-5.0 

-250 

-40 

25 

5 

10 @ 1kHz 

Audio Amp 

2N4869A 

TO-72 

1300 

2.5 

7.5 

-1.8 

-5.0 

-250 

-40 

25 

5 

5 @ 1kHz 

Low Noise/GPA 

2N5397 

TO-72 

6000 

10.0 

30.0 

-1.0 

-6.0 

-100 

-25 

5.0 

1.2 

3.5dB @ 450MHz 

VHF Amp 

2N5398 

TO-72 

5500 

5.0 

40.0 

-1.0 

-6.0 

-100 

-25 

5.5 

1.3 


VHF Amp 

2N5457 

TO-92 

1000 

1.0 

5.0 

-0.5 

-6.0 

-InA 

-25 

7 

3 

3dB @ 1kHz 

Low Cost/GPA 

2N5458 

TO-92 

1500 

2.0 

9.0 

-1.0 

-7.0 

-InA 

-25 

7 

3 

3dB @ 1kHz 

Low Cost/GPA 

2N5459 

TO-92 

2000 

4.0 

16.0 

-2.0 

-8.0 

-InA 

-25 

7 

3 

3dB @ 1kHz 

Low Cost/GPA 

2N5484 

TO-92 

3000 

1.0 

5.0 

-0.3 

-0.3 

-InA 

-25 

5 

1 

120 @ 1kHz 

Low Cost RF Amp 

2N5485 

TO-92 

3500 

4.0 

10.0 

-0.5 

-4.0 

-InA 

-25 

5 

1 

120 @ 1kHz 

Low Cost RF Amp 

2N5486 

TO-92 

4000 

8.0 

20.0 

-2.0 

-6.0 

-InA 

-25 

5 

1 

120 @ 1kHz 

Low Cost RF Amp 

ITE4416 

TO-92 

4500 

5.0 

15.0 


-6.0 

100 

-30 

4 

2 


Low Cost RF Amp 


‘Also available as JAN/JANTX & JANTXV (Continued Next Page) 

“Most TO-92’s are available lead formed to a TO-18 or TO-5 pinout. Also available in tape and reel (EIA STD RS-468). 
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Amplifier Transistors (Continued) 

Junction FETs — N-Channel (Continued) 



9fs 

loss 

Vp 

•gss 

BVqss Ciss 

CfSS 

©n 


PART 

/xmho 

mA 

V 

pA 

V 

PF 

pF 

1 

> 

c 


NUMBER 

PACKAGE** Min 

Min Max Min 

Max 

Max 

Min 

Max 

Max 

Max 

COMMENTS 


J201 

TO-92 

500 

0.2 

1.0 

-0.3 

-1.5 

-100 

-40 

4typ. 

Ityp. 

5typ. @ 1kHz 

GPA/Low Cost 

J202 

TO-92 

1000 

0.9 

4.5 

-0.8 

-4.0 

-100 

-40 

4typ. 

Ityp. 

5typ. @ 1kHz 

GPA/Low Cost 

J203 

TO-92 

1500 

4.0 

20.0 

-2.0 

-10.0 

-100 

-40 

4typ. 

Ityp. 

5typ. @ 1kHz 

GPA/Low Cost 

J204 

TO-92 




-0.5 

-2.0 

-100 

-25 

4typ. 

Ityp. 

10typ.@ 1kHz 

GPA/Low Cost 

J210 

TO-92 

4000 

2.0 

15.0 

-1.0 

-3.0 

-100 

-25 

4typ. 

Ityp. 

lOtyp. @ 1kHz 

GPA/Low Cost 

J211 

TO-92 

7000 

7.0 

20.0 

-2.5 

-4.5 

-100 

-25 

4typ. 

Ityp. 

lOtyp. @ 1kHz 

GP/VLow Cost 

J212 

TO-92 

7000 

15.0 

40.0 

-4.0 

-6.0 

-100 

-25 

4typ. 

Ityp. 

lOtyp. @ 1kHz 

GPA/Low Cost 

J300 

TO-92 

4500 

4.0 

45.0 

-1.5 

-7.0 

-500 

-25 

5.5 

1.7 


VHP AMP/Low Cost 

J308 

TO-92 

8000 

12.0 

60.0 

-1.0 

-6.5 

-InA 

-25 



2.7dB @ 450MHz 

VHP Amp/Low Cost 

J309 

TO-92 

10,000 

12.0 

30.0 

-1.0 

-4.0 

-InA 

-25 



2.7dB @ 450MHz 

VHP Amp/Low Cost 

J310 

TO-92 

8000 

24.0 

60.0 

-2.0 

-6.5 

-InA 

-25 



2.7dB @ 450MHz 

VHP Amp/Low Cost 

PN4302 

TO-92 

1000 

0.5 

5.0 


-4.0 

- InA 

-30 

6 

2 

2dB @ 1kHz 

GPA/Low Cost 

PN4303 

TO-92 

2000 

4.0 

10.0 


-6.0 

-InA 

-30 

6 

2 

2dB @ 1kHz 

GPA/Low Cost 

PN4304 

TO-92 

1000 

0.5 

15.0 


-10.0 

-InA 

-30 

6 

2 

3dB @ 1kHz 

GPA/Low Cost 

PN4338 

TO-92 

600 

0.2 

0.6 

-0.3 

-1.0 

-100 

-50 

7 

3 

IdB @ 1kHz 

GPAA/CR 

PN4339 

TO-92 

800 

0.5 

1.5 

-0.6 

-1.8 

-100 

-50 

7 

3 

1db @ 1kHz 

G PA/VCR 

PN4340 

TO-92 

1300 

1.2 

3.6 

-1.0 

-3.0 

-100 

-50 

7 

3 

Idb @ 1kHz 

GPAA/CR 

PN4341 

TO-92 

2000 

3.0 

9.0 

-2.0 

-6.0 

-100 

-50 

7 

3 

Idb @ IkHZ 

GPAA/CR 

PN4416 

TO-92 

4500 

5.0 

15.0 


-6.0 

-100 

-30 

4 

2 


High Gain/Low Cost 

PN5163 

TO-92 

2000 

1.0 

40.0 

-0.4 

-8.0 

-lOnA 

-25 

20 

5 

50 @ 1kHz 

Low Cost 

U308 

TO-52 

10,000 

12.0 

60.0 

-1.0 

-6.0 

-150 

-25 

7typ. 

4.0typ. 

2.7dB @ 450MHz 

VHP Amp 

U309 

TO-52 

10,000 

12.0 

30.0 

-1.0 

-4.0 

-150 

-25 

7typ. 

4.0typ. 

2.7dB @ 450MHz 

VHP Amp 

U310 

TO-52 

10,000 

24.0 

60.0 

-2.5 

-6.0 

-150 

-25 

7typ. 

4.0typ. 

2.7dB @ 450MHz 

VHP Amp 


**Most TO-92’s are available lead formed to a TO-18 or TO-5 pinout. Also available in tape and reel (EIA STD RS-468). 
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DISCRETE PRODUCTS 



Amplifier Transistors (Continued) 

Junction FETs — P-Channel 


PART 

NUMBER 

PACKAGE** 

9fs 

/4fTlhO 

Min 

loss 

mA 

Min Max 

Vp 

V 

Min Max 

less 

nA 

Max 

BVqss 

V 

Min 

Ciss 

PF 

RJax 

0ns 

pF 

®n 

nV/VHz 

Max 

COMMENTS 

2N2606 

TO-18 

110 

0.1 

-0.5 

0.5 

4.0 

1nA 

30 

6 


3dB@1kHz 

VP Min Waiver 

2N2607 

TO-18 

330 

-0.3 

-1.5 

1.0 

4.0 

3nA 

30 

10 


400@1kHz 

Low Noise/GPA 

2N2608 

TO-18 

1000 

-0.9 

-4.5 

1.0 

4.0 

lOnA 

30 

17 


180(@1kHz 

Low Noise/GPA 

2N2609 

TO-18 

2500 

-2.0 

-10.0 

1.0 

4.0 

30nA 

30 

30 


180® 1kHz 

Low Noise/GPA 

2N2609JAN 

TO-18 

2500 

-2.0 

-10.0 

1.0 

4.0 

30nA 

30 

30 


3dB@1kHz 

Low Noise/GPA 

2N3328 

TO-72 

100 


-1.0 


6.0 

InA 

20 

4 


400@1kHZ 

GPA 

2N3329 

TO-72 

1000 

-1.0 

-3.0 


5.0 

lOnA 

20 

20 


3db®1kHz 

GPA 

2N3330 

TO-72 

1500 

-2.0 

-6.0 


6.0 

lOnA 

20 

20 


3db®1kHz 

GPA 

2N3331 

TO-72 

2000 

-5.0 

-15.0 


8.0 

lOnA 

20 

20 


4db@1kHz 

GPA 

2N3332 

TO-72 

1000 

-1.0 

-6.0 


6.0 

lOnA 

20 

20 


1db@1kHz 

GPA 

2N5265 

TO-72 

900 

-0.5 

-1.0 

0.3 

1.5 

2nA 

60 

7 

2 

115® 100Hz 

Low Noise/GPA 

2N5266 

TO-72 

1000 

-0.8 

-1.6 

0.4 

2.0 

2nA 

60 

7 

2 

115® 100Hz 

Low Noise/GPA 

2N5267 

TO-72 

1500 

-1.5 

-3.0 

1.0 

4.0 

2nA 

60 

7 

2 

115® 100Hz 

Low Noise/GPA 

2N5268 

TO-72 

2000 

-2.5 

-5.0 

1.0 

4.0 

2nA 

60 

7 

2 

115® 100Hz 

Low Noise/GPA 

2N5269 

TO-72 

2200 

-4.0 

-8.0 

2.0 

6.0 

2nA 

60 

7 

2 

115® 100Hz 

Low Noise/GPA 

2N5270 

TO-72 

2500 

-7.0 

-14.0 

2.0 

6.0 

2nA 

60 

7 

2 

115® 100Hz 

Low Noise/GPA 

2N5460 

TO-92 

1000 

-1.0 

-5.0 

0.75 

6.0 

5nA 

40 

7 

2 

115® 100Hz 

Low Noise/Low Cost 

2N5461 

TO-92 

1500 

-2.0 

-9.0 

1.0 

7.5 

5nA 

40 

7 

2 

115® 100Hz 

Low Noise/Low Cost 

2N5462 

TO-92 

2500 

-4.0 

-16.0 

1.8 

9.0 

5nA 

40 

7 

2 

115® 100Hz 

Low Noise/Low Cost 

2N6463 

TO-92 

1000 

-1.0 

-5.0 

0.75 

6.0 

5nA 

60 

7 

2 

115® 100Hz 

Low Noise/Low Cost 

2N5464 

TO-92 

1500 

-2.0 

-9.0 

1.0 

7.5 

5nA 

60 

7 

2 

115 100Hz 

Low Noise/Low Cost 

2N5465 

TO-92 

2500 

-4.0 

-16.0 

1.8 

9.0 

5nA 

60 

7 

2 

115® 100Hz 

Low Noise/Low Cost 

J270 

TO-92 

6000 

-2.0 

-15.0 

0.5 

2.0 

0.200 

30 

32typ 

4typ 

6typ®1kHZ 

Low Noise/Low Cost 

J271 

TO-92 

8000 

-6.0 

-50.0 

1.5 

4.5 

0.200 

30 

31typ 

4typ 

6typ®1kHz 

Low Noise/Low Cost 

PN4342 

TO-92 

2000 

-4.0 

-12.0 

0.7 

5.0 

lOnA 

25 

20 

5 

80® 100Hz 

Low Noise/Low Cost 

PN4343 

TO-92 

3000 

-10.0 

-30.0 

1.8 

9.0 

lOnA 

25 

20 

5 

80® 100Hz 

Low Noise/Low Cost 


**Most TO-92’s are available lead formed to a TO-18 or TO-5 pinout. Also available in tape and reel (EIA STD RS-468). 
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DISCRETE PRODUCTS 



Switching/Amplifier Transistors 

MOSFETs — N-Channel 


VgS(TH) 

BVdss 

■dss 

Iqss 

Ofs 

''DS(ON) 

Id(on) 

Id(ON) 


PART V 

V 

pA 

pA 

/imho 

0 

mA 

mA 


NUMBER PACKAGE Min Max 

Min 

Max 

Max 

Min 

Max 

Min 

Max 

COMMENTS 


2N4351 

TO-72 

1.0 

5.0 

25 

lOnA 

10 

1000 

300 

3 

High Input Z 

3N170 

TO-72 

1.0 

2.0 

25 

lOnA 

10 

1000 

200 

10 

High Input Z 

3N171 

TO-72 

1.5 

3.0 

25 

lOnA 

10 

1000 

200 

10 

High Input Z 

IT1750 

TO-72 

0.5 

3.0 

25 

lOnA 

10 

3000 

50 

10 

Low ros{ON) 

M116 

TO-72 

1.0 

5.0 

30 

lOnA 

100 


100 


Diode Protected 

M117 

TO-72 

1.0 

5.0 

30 

lOnA 

1 


100 


High Input Z 


MOSFETs — P-Channel 

Generally used where max. isolation between signal source and 

VgS(TH) BVdss 

PART V V 

NUMBER PACKAGE Min Max Min 

logic drive is required: switch 

loss less 9fs 

pA pA /imho 

Max Max Min 

“On” resistance varies with signal amplitude. 

'’DS(ON) Id(ON) Id(ON) 

Q mA mA 

Max Min Max COMMENTS 

2N4352 

TO-72 

-1.0 

-5.0 

-25 

-lOnA 

10 

1000 

600 

-3 


High Input Z 

3N155 

TO-72 

-1.5 

-3.2 

-35 

-InA 

10 

1000 

600 

-5 


High Input Z 

3N155A 

TO-72 

-1.5 

-3.2 

-35 

-250 

10 

1000 

300 

-5 


High Input Z 

3N157 

TO-72 

-1.5 

-3.2 

-35 

-InA 

10 

1000 


-5 


High Input Z 

3N157A 

TO-72 

-1.5 

-3.2 

-50 

-250 

10 

1000 


-5 


High Input Z 

3N161 

TO-72 

-1.5 

-5.0 

-25 

-lOnA 

-100 

3500 


-40 

-120 

Diode Protected 

3N163 

TO-72 

-2.0 

-5.0 

-40 

-200 

-10 

2000 

250 

-5 

-30 

High Input Z 

3N164 

TO-72 

-2.0 

-5.0 

-30 

400 

10 

1000 

300 

-3 

-30 

High Input Z 

3N172 

TO-72 

-2.0 

-5.0 

-40 

-400 

-200 


250 

-5 

-30 

Diode Protected 

3N173 

TO-72 

-2.0 

-5.0 

-30 

-lOnA 

-500 


350 

-5 

-30 

Diode Protected 

IT1700 

TO-72 

-2.0 

-5.0 

-40 

200 


2000 

400 

-2 


High Input Z 

IT1701 

TO-72 

-2.0 

-5.0 

-40 

200 

100 

2000 

400 

-2 


Diode Protected 


Diodes, Low Leakage Used to protect the inputs of MOSFETs such as 3N163, while maintaining input leakage < 0.1 pA. 




Ir@ IV 

Ir@ 10 V, 125®C 

BVp@ 1/tA 

Vf@ 10mA 


PART 


(pA) 

(nA) 

(V) 

(V) 

(V) 


NUMBER 

PACKAGE 

Typ 

Max 

Min 

Min 

Max COMMENTS 

ID100 

TO-78 

0.1 

10 

30 




ID101 

TO-71 

0.1 

10 

30 





Note 1. Used to protect the inputs of MOSFETs such as 3N163, while maintaining input leakage <0.1pA. 
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DISCRETE PRODUCTS 




Differential Amplifier Transistors — Monolithic Duals 

Junction FETs — N-Channel 


VgS1-2 Iq BVqss Vp Qfs IdsS ®n 


PART 

NUMBER 

PACKAGE 

mV 

Max 

mV/®C 

Max 

pA 

Max 

V 

Min 

V 

■MM 

Max 

mmho* 

Min Max 

Min 

mA 

Max 

nV/VHz 

Max 

COMMENTS 

2N3921 

TO-71 

5 

10 

250 

-50 



1.5 

7.5 

1 

10.0 

2dB @ 1kHz 

GP Diff Amp 

2N3922 

TO-71 

5 

25 

250 

-50 


HclW 

1.5 

7.5 

1 

10.0 

2dB @ 1kHz 

GP Diff Amp 

2N3954 

TO-71 

5 

10 

-50 

-50 

-1.0 

-4.5 

1 

3 

0.5 

5.0 

160 @ 100Hz 

General Purpose 

2N3954A 

TO-71 

5 

5 

-50 

-50 

-1.0 

-4.5 

1 

3 

0.5 

5.0 

160 @ 100Hz 

General Purpose 

2N3955 

TO-71 

10 

25 

-50 

-50 

-1.0 

-4.5 

1 

3 

0.5 

5.0 

160 @ 100Hz 

General Purpose 

2N3955A 

TO-71 

5 

15 

-50 

-50 

-1.0 

-4.5 

1 

3 

0.5 

5.0 

160 @ 100Hz 

General Purpose 

2N3956 

TO-71 

15 

50 

-50 

-50 

-1.0 

-4.5 

1 

3 

0.5 

5.0 

160 @ 100Hz 

General Purpose 

2N3957 

TO-71 

20 

75 

-50 

-50 

-1.0 

-4.5 

1 

3 

0.5 

5.0 

160 @ 100Hz 

General Purpose 

2N3958 

TO-71 

25 

100 

-50 

-50 

-1.0 

-4.5 

1 

3 

0.5 

5.0 

160 @ 100Hz 

General Purpose 

2N5045 

TO-71 

5 

65 


-50 

-0.5 

-4.5 

1.5 

6.0 

0.5 

8.0 

200 @ 10Hz 

GP Diff Amp 

2N5046 

TO-71 

10 

133 


-50 

-0.5 

-4.5 

1.5 

6.0 

0.5 

8.0 

200 @ 10Hz 

GP Diff Amp 

2N5047 

TO-71 

15 

200 


-50 

-0.5 

-4.5 

1.5 

6.0 

0.5 

8.0 


GP Diff Amp 

2N5196 

TO-71 

5 

5 

-15 

-50 

-0.7 

-4.0 

0.7 @ 200^A 

0.7 

7.0 

20 @ 1kHz 

Low Noise, GPA 

2N5197 

TO-71 

5 

10 

-15 

-50 

-0.7 

-4.0 

0.7 @ 200fjiA 

0.7 

7.0 

20 @ 1kHz 

Low Noise, GPA 

2N5198 

TO-71 

10 

20 

-15 

-50 

-0.7 

-4.0 

0.7 @ 200mA 

0.7 

7.0 

20 @ 1kHz 

Low Noise, GPA 

2N5199 

TO-71 

15 

40 

-15 

-50 

-0.7 

-4.0 

0.7 @ 200mA 

0.7 

7.0 

20 @ 1kHz 

Low Noise, GPA 

2N5515 

TO-71 

5 

5 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

30 @ 10Hz 

GP Diff Amp 

2N5516 

TO-71 

5 

10 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

30 @ 10Hz 

GP Diff Amp 

2N5517 

TO-71 

10 

20 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

30 @ 10Hz 

GP Diff Amp 

2N5518 

TO-71 

15 

40 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

30 @ 10Hz 

GP Diff Amp 

2N5519 

TO-71 

15 

80 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

30 @ 10Hz 

GP Diff Amp 

2N5520 

TO-71 

5 

5 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

15 @ 10Hz 

Lowest Noise 

2N5521 

TO-71 

5 

10 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

15 @ 10Hz 

Lowest Noise 

2N5522 

TO-71 

10 

20 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

15 @ 10Hz 

Lowest Noise 

2N5523 

TO-71 

15 

40 

-100 

-40 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

15 @ 10Hz 

Lowest Noise 

2N5524 

TO-71 

15 

80 

-100 

-40 

-0.7 . 

-4.0 

1 

4 

0.5 

7.5 

15 @ 10Hz 

Lowest Noise 

2N5545 

TO-71 

5 

10 

-50 

-50 

-0.5 

-4.5 

1.5 

6 

0.5 

8.0 

180 @ 10Hz 

GP Diff Amp 

2N5546 

TO-71 

10 

20 

-50 

-50 

-0.5 

-4.5 

1.5 

6 

0.5 

8.0 

200 @ 10Hz 

GP Diff Amp 

2N5547 

TO-71 

15 

40 

-50 

-50 

-0.5 

-4.5 

1.5 

6 

0.5 

8.0 


GP Diff Amp 

2N5902 

TO-78 

5 

5 

-3 

-40 

-0.6 

-4.5 

0.07 

.250 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5903 

TO-78 

5 

10 

-3 

-40 

-0.6 

-4.5 

0.07 

.250 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5904 

TO-78 

10 

20 

-3 

-40 

-0.6 

-4.5 

0.07 

.250 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5905 

TO-78 

15 

40 

-3 

-40 

-0.6 

-4.5 

0.07 

.250 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5906 

TO-99 

5 

5 

-1 

-40 

-0.6 

-4.5 

0.07 

0.25 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5907 

TO-99 

5 

10 

-1 

-40 

-0.6 

-4.5 

0.07 

0.25 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5908 

TO-99 

10 

20 

-1 

-40 

-0.6 

-4.5 

0.07 

0.25 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5909 

TO-99 

15 

40 

-1 

-40 

-0.6 

-4.5 

0.07 

0.25 

0.03 

0.50 

100 @ 1kHz 

Low Leakage 

2N5911 

TO-99 

10 

20 

-100 

-25 

-1.0 

-5.0 

5/10 ® 5mA 

7.0 

40.0 

20 @ 10kHz 

RF Amplifier 

2N5912 

TO-99 

15 

40 

-100 

-25 

-1.0 

-5.0 

5/10 ^ 

p 5mA 

7.0 

40.0 

20 @ 10kHz 

RF Amplifier 

2N6483 

TO-71 

5 

5 

-100 

-50 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

10 @ 10Hz 

Low Noise 

2N6484 

TO-71 

10 

10 

-100 

-50 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

10 @ 10Hz 

Low Noise 

2N6485 

TO-71 

15 

25 

-100 

-50 

-0.7 

-4.0 

1 

4 

0.5 

7.5 

10 @ 10Hz 

Low Noise 

IT500 

TO-52 

5 

5 

-5 

-50 

-0.7 

-4.0 

0.7/1.6 @ 200mA 

0.7 

7.0 

35 @ 10Hz 

Cascode RF Amp 

IT501 

TO-52 

5 

10 

-5 

-50 

-0.7 

-4.0 

0.7/1.6 @ 200mA 

0.7 

7.0 

35 @ 10Hz 

Cascode RF Amp 

IT502 

TO-52 

10 

20 

-5 

-50 

-0.7 

-4.0 

0.7/1.6 @ 200;iA 

0.7 

7.0 

35 @ 10Hz 

Cascode RF Amp 

IT503 

TO-52 

15 

40 

-5 

-50 

-0.7 

-4.0 

0.7/1.6 @ 200ixA 

0.7 

7.0 

35 @ 10Hz 

Cascode RF Amp 

IT504 

TO-52 

25 

100 

-5 

-25 

-0.7 

-4.0 

0.7/1.6 @ 200fiA 

0.7 

7.0 

35 @ 10Hz 

Cascode RF Amp 

IT505 

TO-52 

50 

200 

-5 

-25 

-0.7 

-4.0 

0.7/1 .6 @ 200fiA 

0.7 

7.0 

35 @ 10Hz 

Cascode RF Amp 


(Continued Next Page) 
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DISCRETE PRODUCTS 



Differential Amplifiers (Continued) 

Junction FETs — N-Channel (Continued) 


PART 

NUMBER 

PACKAGE 

Vqsi.2 

mV 

Max 

AVqs 

/iV/«C 

Max 

•g 

pA 

Max 

BVqss 

V 

Min 

Vp 

V 

Min 

Max 

9fs 

mmho* 

Min Max 

loss 

mA 

Min Max 

®n 

nVIy/m 

Max 

COMMENTS 

IT5911 

TO-71 

10 

20 

-100 

-25 

-1.0 

-5.0 

5/10 @ 5mA 

7.0 

40.0 

20 @ 10kHz 

RF Amplifier 

IT5912 

TO-71 

15 

40 

-100 

-25 

-1.0 

-5.0 

5/10 @ 5mA 

7.0 

40.0 

20 @ 10kHz 

RF Amplifier 

ITC5911 

TO-99 

10 

20 

-100 

-25 

-1.0 

-5.0 

5/10 @ 5mA 

7.0 

40.0 

20 @ 10kHz 

RF Amplifier 

ITC5912 

TO-99 

15 

40 

-100 

-25 

-1.0 

-5.0 

5/10 @ 5mA 

7.0 

40.0 

20 @ 10kHz 

RF Amplifier 

U231 

TO-71 

5 

10 

-50 

-50 

-0.5 

-4.5 

1 

5 

0.5 

5.0 

80 @ 100Hz 

GP Diff Amp 

U232 

TO-71 

10 

25 

-50 

-50 

-0.5 

-4.5 

1 

5 

0.5 

5.0 

80 @ 100Hz 

GP Diff Amp 

U233 

TO-71 

15 

50 

-50 

-50 

-0.5 

-4.5 

1 

5 

0.5 

5.0 

80 @ 100Hz 

GP Diff Amp 

U234 

TO-71 

20 

75 

-50 

-50 

-0.5 

-4.5 

1 

5 

0.5 

5.0 

80 @ 100Hz 

GP Diff Amp 

U235 

TO-71 

25 

100 

-50 

-50 

-0.5 

-4.5 

1 

5 

0.5 

5.0 

80 @ 100Hz 

GP Diff Amp 

U257 

TO-78 

100 



-25 

-1.0 

-5.0 

4.5 

10 

5.0 

40.0 

30 @ 10kHz 

Low Cost 

U426 

TO-78 

25 

40 

-0.5 

-40 

-0.4 

-3.0 

0.3 

1.5 

.06 

1.8 

70 @ 10Hz 

Low Cost 

U440 

TO-71 

10 



-25 

-1.0 

-6.0 

4.5/9 @ 5/tA 

6 

30 


High Gain 

U441 

TO-71 

20 



-25 

-1.0 

-6.0 

4.5/9 @ 5/iA 

6 

30 


High Gain 


MOSFETs — Monolithic Dual P-Channel (Enhancement) 

VgS(TH) BVdds ‘dSS loss 9fs Id(ON) '^DS(0N) Vqs 1.2 

PART V V pA pA /imho mA Q mV 


NUMBER 

PACKAGE 

Min 

^Jax 

Min/Max 

Max 

Max 

Min 

Min 

Max 

Max 

Max 

COMMENTS 

3N165 

TO-99 

-2 

-5 

-40 

-200 

-10 

1500 

-5.0 

-30 

300 

100 

Low Leakage 

3N166 

TO-99 

-2 

-5 

-40 

-200 

-10 

1500 

-5.0 

-30 

300 


Low Leakage 

3N188 

TO-99 

-2 

-5 

-40 

-200 

-200 

1500 

-5.0 

-30 

300 

100 

Diode Protected 

3N189 

TO-99 

-2 

-5 

-40 

-200 

-200 

1500 

-5.0 

-30 

300 


Diode Protected 

3N190 

TO-99 

-2 

-5 

-40 

-200 

-10 

1500 

-5.0 

-30 

300 

100 

High input Z 

3N191 

TO-99 

-2 

-5 

-40 

-200 

-10 

1500 

-5.0 

-30 

300 


High Input Z 
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DISCRETE PRODUCTS 



Differential Amplifiers (Continued) 

Bipolar Monolithic Dual Transistors ~ NPN 


PART 

NUMBER 

PACKAGE 

VbE 1-2 
mV 

AVbe 

aV/®C 

Max 

^FE 

(Note 1) 
Min 

Ib 1-2 
(Note 1) 
nA 

BVceo 

V 

Min 

•CBO 

nA 

Max 

NF 

dB 

Max 

it 

MHz @ Iq 
M in 

Cobo 

pF 

Max 

COMMENTS 

2N2453 

TO-78 

3 

10 

80 


30 

5 

7 typ. 



Audio Amp 

2N2453A 

TO-78 

3 

5 

80 


60 

5 

4 typ. 



Audio Amp 

2N2920 

TO-78 

3 

10 

150 


60 

2 

3 typ. 

60 @ 0.5nnA 

6 

High Gain, Low Noise 

2N2920A 

TO-78 

1.5 

5 

150 


60 

2 

3 typ. 

60 @ 0.5mA 

6 

High Gain, Low Noise 

2N4044 

TO-78 

3 

3 

200 

5 

60 

0.1 

2 

200 @ 1mA 

0.8 

Low Capacitance 

2N4045 

TO-78 

5 

10 

80 

25 

45 

0.1 

3 

150 @ 1mA 

0.8 

Low Capacitance 

2N4100 

TO-78 

5 

5 

150 

10 

55 

0.1 

3 

150 @ 1mA 

0.8 

Low Capacitance 

2N4878 

TO-71 

3 

3 

*200 

5 

60 

0.1 

2 typ. 

200 @ 1mA 

0.8 

Low Capacitance 

2N4879 

TO-71 

5 

5 

150 

10 

55 

0.1 

3 typ. 

150 @ 1mA 

0.8 

Low Capacitance 

2N4880 

TO-71 

5 

10 

80 

25 

45 

0.1 

3 typ. 

150 @ 1mA 

0.8 

Low Capacitance 


IT120 

TO-78 

TO-71 

2 

5 

200 

5 

45 

1.0 

2 typ. 

150 @ 1mA 

2 

Low Cost, Low Vqs 

IT120A 

TO-78 

TO-71 

1 

3 

200 

2.5 

45 

1.0 

2 typ. 

150 fa 1mA 

2 

Low Cost, Low Vqs 

IT121 

TO-78 

TO-71 

3 

10 

80 

25 

45 

1.0 

2 typ. 

180 (fi 1mA 

2 

Low Cost 

IT122 

TO-78 

TO-71 

5 

20 

80 

25 

45 

1.0 

2 typ. 

180 ((L 1mA 

2 

Low Cost 

IT124 

TO-78 

5 

15 

1500 

0.6A 

2 

0.1 

3 

100 (fi IOOmA 

0.8 

Super 3 for 

Log Amps 

IT126 

TO-78 

TO-71 

1 

3 

150 

2.5 

60 

0.1 

1 typ. 

250 Ca 10mA 

3 

Low Vqs 

IT127 

TO-78 

TO-71 

2 

5 

150 

5 

60 

0.1 

1 typ. 

250 10mA 

3 

Low Vqs 

IT128 

TO-78 

TO-71 

3 

10 

100 

10 

55 

0.1 

1 typ. 

250 Ca 10mA 

3 

Low Vqs 

IT129 

TO-78 

TO-71 

10 

20 

70 

20 

45 

0.1 

1 typ. 

250 @ 10mA 

3 

Low Vqs 


LM114 

Tb-71 

2.0 

10 

250 

10 

45 

0.050 

Low Vqs 

LM114A 

TO-71 

0.5 

2 

500 

2 

45 

0.010 

Low Vqs 

LM114AH 

TO-78 

0.5 

2 

500 

2 

45 

0.010 

Low Vqs 

LM114B 

TO-71 

1.0 

5 

250 

10 

45 

0.050 

Low Vqs 

LM114BH 

TO-78 

1.0 

5 

250 

10 

45 

0.050 

Low Vqs 

LM114H 

TO-78 

2.0 

10 

250 

10 

45 

0.050 

Low Vqs 


(Continued Next Page) 


1. Ic = 10/iA 
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DISCRETE PRODUCTS J 


M 

m 



Differential Amplifiers (Continued) 

Bipolar Dual Transistors — PNP 


PART 

NUMBER 

PACKAGE 

VbE 1-2 
mV 
Max 

AVbe 

/xV/«C 

^Max 

IlFE 

(Note 1) 

Ib1-2 

(Note 1) 
nA 

Max 

BVceo 

V 

Min 

•CBO 

nA 

NF 

dB 

u 

MHz @ Ic 

Min 

Cobo 

PF 

Max 

COMMENTS 

2N3810 

TO-78 

3 

10 

100 


-60 

10 

■■■■■■ 

3typ. 

100 @ 1mA 

4 

Low Vos 

2N3810A 

TO-78 

1.5 

5 

100 


-60 

10 

3typ. 

100 @ 1mA 

4 

Low Vos 

2N3811 

TO-78 

3 

10 

225 


-60 

10 

3typ. 

100 @ 1mA 

4 

Low Vos 

2N3811A 

TO-78 

1.5 

5 

225 


-60 

10 

3typ. 

100 @ 1mA 

4 

Low Vos 

2N5117 

TO-78 

3 

3 

100 

10 

-45 

0.1 

4 typ. 

100 @ 0.5mA 

0.8 

Low Vos 

2N5118 

TO-78 

5 

5 

100 

15 

-45 

0.1 

4 typ. 

100 @ 0.5mA 

0.8 

Low Cost 

2N5119 

TO-78 

5 

10 

50 

40 

-45 

0.1 

4 typ. 

100 @ 0.5mA 

0.8 

Low Cost 

IT130 

TO-78 

TO-71 

2 

5 

200 

5 

-45 

1.0 

2 typ. 

150 @ 1mA 

2 

Low Vos 

IT130A 

TO-78 

TO-71 

1 

3 

200 

2.5 

-45 

1.0 

2 typ. 

150 @ 1mA 

2 

Low Vos 

IT131 

TO-78 

TO-71 

3 

10 

80 

25 

-45 

1.0 

2 typ. 

150 @ 1mA 

2 

Low Cost 

IT132 

TO-78 

TO-71 

5 

20 

80 

25 

-45 

1.0 

2 typ. 

150 @ 1mA 

2 

Low Cost 

IT136 

TO-78 

TO-71 

1 

3 

150 

2.5 

-60 

0.1 

2 typ. 

250 @ 10mA 

4 

Low Vos 

IT137 

TO-78 

TO-71 

2 

5 

150 

5 

-60 

0.1 

2 typ. 

250 @ 10mA 

4 

Low Vos 

IT138 

TO-78 

TO-71 

3 

10 

100 

10 

-55 

0.1 

2 typ. 

250 @ 10mA 

4 

Low Vos 

IT139 

TO-78 

TO-71 

5 

20 

70 

20 

-45 

0.1 

2 typ. 

250 @ 10mA 

4 

Low Vos 


Note: 

1. lc = 10/xA, Vce = 5V 
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TO-92 Taping Specifications and Winding Styies 



(EIASTD RS468) 


p 

12.7 ± 0.5 

Ho 

16 ± 0.5 

Po 

12.7 ± 0.2 

F 

5 - 8:2 

P1 

3.85 ± 0.5 

Fi -F 2 

±0.3 

P 2 

6.35 ± 0.5 

Do 

4 ±0.2 

P 3 

6.35 

t 

0.7 ± 0.2 

W 

Q+1.0 

0-05 

Ah 

o±i 

Wo 

6±1 

d 

0.050 !Sdia. 

Wi 

9 ± 0.5 

R 

0.8 

W 2 

Max. 0.5 

a 

45®C-60°C 

W 3 

Min. 4.5 

L 

Max. 11 

H 

19.5 ± 0.5 

Ac 

0± 0.5 


All Dimensions in Millimeter 


STYLE A 


STYLE E 



ROUNDED SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 


FLAT SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 


STYLE B 


STYLE F 


FEED 





ADHESIVE TAPE ON 
REVERSE SIDE 
CARRIER STRIP 


FLAT SIDE OF TRANSISTOR AND CARRIER STRIP VISIBLE 
(ADHESIVE TAPE ON REVERSE SIDE) 


STYLEC 






ROUNDED SIDE 

/ 

ADHESIVE TAPE ON 
REVERSE SIDE 
CARRIER STRIP 


ROUNDED SIDE OF TRANSISTOR AND CARRIER STRIP VISIBLE 
(ADHESIVE TAPE ON REVERSE SIDE) 


STYLE G 


FEED 



CARRIER STRIP 
ADHESIVE TAPE 
FLAT SIDE 


STYLE D 


ADHESIVE TAPE ON 



FLAT SIDE OF TRANSISTOR AND CARRIER STRIP VISIBLE 
(ADHESIVE TAPE ON REVERSE SIDE) 


FLAT SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 

STYLEH 





ADHESIVE TAPE 
ON REVERSE SIDE 
CARRIER STRIP 
ROUNDED SIDE 


ROUNDED SIDE OF TRANSISTOR AND CARRIER STRIP VISIBLE 
(ADHESIVE TAPE ON REVERSE SIDE) 


STYLE P 

ROUNDED SIDE 



ROUNDED SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 
STYLE P IS EQUIVALENT TO STYLES A, B, C, D OF REEL 
PACK DEPENDING ON WHICH BOX-FLAP IS OPENED AND 
WHICH END OF THE BOX THE DEVICES ARE FED FROM. 


STYLE M 



FLAT SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 
STYLE M AMMO PACK IS EQUIVALENT TO STYLES E, F, G, H 
OF REEL PACK DEPENDING ON WHICH BOX-FLAP IS OPENED 
AND WHICH END OF THE BOX THE DEVICES ARE FED FROM. 
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DATA COMMUNICATIONS 



Microperipheral and Interface Circuits 


IM6402/IM6403 

Universal Asynchronous Receiver Transmitter (UART) 

The IM6402 and IM6403 are CMOS/LSI UART’s for inter¬ 
facing computers or microprocessors to asynchronous serial 
data channels. The receiver converts serial start, data, parity 
and stop bits to parallel data verifying proper code transmis¬ 
sion, parity, and stop bits. The transmitter converts parallel 
data into serial form and automatically adds start, parity, and 
stop bits. 

The data word length can be 5, 6, 7 or 8 bits. Parity may 
be odd or even, and parity checking and generation can be 
inhibited. CMOS/LSI technology permits clock frequencies 
up to 6.0 MHz (250K Baud). 

Variations include the following: 


Device 

Fc (MHz) 

IM6402 

1 

IM6402-1 

2 

IM6402A 

4 


Device 

Fc (MHz) 

IM6403 

2.46 

IM6403-1 

3.58 

IM6403A 

6.00 


The iM6403 Series differs from the IM6402 Series primarily 
by having an on-board crystal oscillator and baud rate 
generator. Available in plastic and ceramic packages, in 
commercial and military temperature ranges. 


vdd 

• 

Vss 

RRD 

RBR8 

RBR7 

RBR6 

RBR5 

RCR4 

RBR3 

RBR3 

RBR1 

PE 

FE 

OE 

SFD 

• 

DRR 

DR 

RRI 


C 40 D 

C 2 39 □ 

C 3 38 □ 

C 4 37 □ 

C 5 36 3 

C 6 35 D 

C 7 34 □ 

C 8 33 D 

C 9 32 □ 

C 10 31 D 

C 11 30 D 

C 12 29 □ 

C 13 28 2 

C 14 27 D 

C 15 26 □ 

C 16 25 2 

C 17 24 2 

C 18 23 3 

C 19 22 D 

C 20 21 D 


* 

EPE 

CLS1 

CLS2 

SBS 

PI 

CRL 

TBR8 

TBR7 

TBR6 

TBR5 

TBR4 

TBR3 

TBR2 

TBR1 

TRO 

TRE 

TBRL 

TBRE 

MR 


RRD — Rec. Reg. Disable 

RBR — Rec. Buffer Reg. 

PE — Parity Error 

FE — Framing Error 

OE — Overrun Error 

SFD — Status Flags Disable 
DRR — Data Received Reset 

DR — Data Received 

RRI — Rec. Reg. 

MR — Master Reset 

TBRE — Trans. Buffer Reg. Empty 
TBRL — Trans. Buffer Reg. Load 
TRO — Trans. Reg. Output 

TBR — Trans. Buffer Reg. 

CRL — Control Register Load 

PI — Parity Inhibit 

SBS — Stop Bit Select 

CLS — Char. Length Selected 

EPE — Even Parity Enable 


Pin Configuration 


IM4702/4712 
Baud Rate Generator 

The IM4702/12 Baud Rate Generators provide necessary 
clock signals for digital data transmission systems, such as 
UARTs, using a 2.4576 MHz crystal oscillator as an input. 
They control up to 8 output channels and can be cascaded 
for output expansion. 

Multi-channel operation allows up to eight simultaneous 
Baud rates to be generated. Provides 14 most commonly 
used baud rates from zero through 9600 Baud. In addition, 
19200 Baud is possible via hardwiring. 

IM4712 integrates oscillator feedback resistor and two load 
capacitors on-chip. 

Available in 16-pin plastic DIP and CERDIP packages with 
a temperature range from -40°C to +85°C. 


iCL232 

+5V Powered Dual RS-232 
Transmitter/Receiver 

The ICL232 requires only a few non-critical external com¬ 
ponents to perform the RS-232 driver/receiver function with 
either CMOS or TTL inputs. It features two on-board charge- 
pump voltage converters which generate the required ± 10V 
supplies from a single 5V power supply. The ICL232 meets 
all ElA RS-232C specifications. It is available in a variety of 
packages (including the 16-pin SOIC) and operating tem¬ 
perature ranges. 


iM26C91 

Universal Asynchronous 
Receiver/Transmitter (UART) 

The IM26C91 is a high-performance Universal Asynchron¬ 
ous Receiver/Transmitter that provides full duplex operation. 
Operating speed can be selected from 18 fixed baud rates 
ranging from 50 to 38.4K baud, or from an internal program¬ 
mable counter/timer (16 x clock speed), or from an external 
IX or 16X clock. The ability to program the operating speed 
independently makes the UART particularly well suited for 
dual-speed channel applications, e.g. clustered terminal 
systems. 

The quadruple buffered receiver minimizes potential 
receiver overrun and reduces interrupt overhead in interrupt 
driven systems. Handshaking capability disables a remote 
UART transmitter when the receiver buffer is full. 

The IM26C91 UART is fabricated with high-density, low- 
power CMOS technology which permits monolithic construc¬ 
tion and encapsulation in a 24-pin DIR The device is TTL 
compatible and operates from a single + 5V power supply. 
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DIGITAL SIGNAL PROCESSING 



iM29C128 

Finite Impuise Response 
Fiiter Controlier 

The 16-bit FIR Filter Controller (FFC) provides all the data 
history, storage and programmable filter cycle control logic 
required to implement FIR filters of up to 128 filter points. 
When used in conjunction with an external filter coefficient 
memory of up to 128 words by 16 bits and an industry stan¬ 
dard 16 bit Multiplier-Accumulator (MAC), the FFC provides 
the system designer with the ability to implement a powerful 
FIR filter with only three ICs. The FFC provides all the control 
signals required to operate the MAC and the coefficient mem¬ 
ory as tri-stateable devices, allowing multiplexed use of these 
resources. The FFC’s asynchronous interface enables easy 
integration of the FIR filter in any system environment. It 
incorporates a 16 bit data I/O path, a*128 word by 16 bit RAM 
memory, and programmable filter control logic capable of 
handling filter order lengths of up to 128 points. Available in 
64-lead DIP and 68-contact PLCC packages, with 0°C to 
+ 70°C and -55°C to +125°C temperature ranges. 

IM29C510 
16 X 16 Bit 

Multiplier/Accumultor, CMOS 

The IM29C510 is a high-speed 16 x 16 Bit Parallel Multi¬ 
plier/Accumulator which operates at a 65 ns clock rate (more 
than 15 MHz Multiply/Accumulate rate). The 2 input registers, 
X and y, accept 16 bit two’s complement or unsigned mag¬ 
nitude operands and produce a 32 bit product, with accu¬ 
mulation up to 35 bits. The IM29C510 16 x 16 Bit Multiplier/ 
Accumulataor is pin and function compatible with the indus¬ 
try-standard TDC1010. Depending on the multiply-accumu- 
late rate, it operates with the same speed at one-sixth or less 
power dissipation than the bipolar versions. (Worst case 
CMOS power consumption decreases with decreasing clock 
rate.) 

The IM29C510 can operate as a 16 x 16 Bit Multiplier only, 
as well as a 16 X 16 Bit Multiplier/Accumulator. It is available 
in 64-lead DIP and 68-contact PLCC packages, with 0°C to 
+ 70°C and -40°C to +85°C temperature ranges. Full MIL 
screening is available. 

EVK-128 

Data Conversion and 
FIR Filtering System 

The Intersil EVK-128 provides a moderate speed data 
acquisition, conversion, and digital filtering system for the IBM 
PC and most compatibles. Consisting of a board which occu¬ 
pies a single slot on the PC, the card digitally filters data with 
a filter length of 0 (unfiltered) to 128 taps. Throughput is a 
function of required filter length, with an 80 ns per tap pro¬ 
cessing rate. 

The ICL7115 converts analog signals to 14 bit words at up 
to 32.727 kHz rate, while the ICL7121 converts a 16 bit digital 
data stream to analog. The A/D and/or D/A converters may 
be bypassed for processing of digital data. This allows non- 
real time processing or storage of data to or from a disk, for 
example. 

Also included is a floppy disk with an easy-to-use menu 
driven FIR filter design program for the PC, including coef¬ 
ficient calculations, time and frequency calculations and plot¬ 
ting capabilities. 



Functional Diagram 



Functional Diagram 



Functional Diagram 
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DISPLAY DRIVERS 

M 

1 

IMuli^DD 


Intersil’s complete complement of monolithic Display Driver 
circuits provides a suitable interface for virtually any display 
application. 

• Choice of Displays: 

LED, LCD, Vacuum Fluorescent 

• Choice of Characters or Digits: 

4, 8 or 10 7-Segment Digits 
14, 16 or 18-Segment Characters 

• Choice of Font: 

Hexadecimal, Code B, ASCII 


• Choice of Interface: 

Multiplexed or Direct Drive; BCD, Random Access, 
Serial or Parallel 

All Intersil Drivers are fabricated with CMOS technology 
for low power dissipation, and most are available in CERDIP 
and Plastic Dual In-line packages, as well as in die form. All 
are completely self-contained, requiring few, if any, external 
components to accomplish their intended basic functions. 

The following table offers a quick-glance overview of avail¬ 
able functions for a first-order selection. 


TYPE 

#OF 

CHARACTERS 

OR DIGITS 

DISPLAY 

TYPE 

FONT 

INTERFACE 

FEATURES AND 

COMMENTS 

# of 7-Segment Digits 

# of Decimal Points or Annunciators 

# of Alphanumeric 14 Segments + D.P. 

# of Alphanumeric 16 Segments + D.P. 

# of Alphanumeric 18 Segments 

# of Dot Matrix 

LED, Common Anode Non-MUX 

LED, Common Cathode MUX 

LED, Common Anode MUX 

LCD, Direct Drive 

LCD, # of Ways MUX’D 

Vacuum Fluorescent 

Hexadecimal (0-9, A-F) 

Code B (0-9, H, E, L, P, -, and Blank) 

IIOSV 

MUX BCD (BCD + Digit Select Strobes) 

Random Access (Data + Address + WR) 

Bit Parallel, Digit Serial 

Bit Serial 

Cycle Time (ns) 

ICM7211 

4 









□ 



• 








Drives Conventional LCD Displays. Includes RC 
Oscillator, Divider Chain, Latches, Interface and LCD 
Drivers. Evaluation Kit Available. 

ICM7211A 

4 









□ 




D 

■ 

□ 




BtTiTil 

ICM7211M 

4 









• 



• 




• 



BiltM 

ICM7211AM 

4 






— 



• 




• 



• 



IQSI 

ICM7212 

4 












• 



• 




BTiTWl 

Drives Common Anode LED Displays. 28 Current 
Controlled Outputs. Includes Latches, Interface and 
Brightness Control. Evaluation Kit Available. 

ICM7212A 

4 






• 







D 

■ 





BBI 

ICM7212M 

4 






• 






• 

■ 

■ 


• 



11^9 

ICM7212AM 

4 






• 










• 




ICM7218A 

Q 

B 







• 




□ 

a 

■ 



• 



3 Decode Formats Drives UP to 64 Independent 

LED’s. Includes 8x8 Memory, Multiplexed LED 
Drivers, Decoders, Interface and control. Applications 
Include Bar Graphs. 

ICM7218B 

Q 

B 






□ 

■ 




B 

D 

■ 



• 



ICM7218C 

Q 

B 







• 




□ 

□ 

■ 


• 



ESS 

ICM7218D 

B 

B 






• 





□ 

□ 



• 




ICM7218E 

B 

B 







• 




□ 

□ 



• 




ICM7228A 

B 

B 







• 




□ 

□ 




• 



ICM7228B 

B 

B 






• 





□ 

□ 

■ 



• 



ICM7228C 

B 

B 







• 




□ 

D 



• 




ICM7228D 

B 

B 






• 





□ 

□ 



• 




ICM7231A 

B 

m 









B 


a 

■ 

■ 


• 



500 

8 Digits, 16 Annunciators on COM, Hexadecimal 

ICM7231B 

B 

m 









B 



• 



• 



■SWIM 

8 Digits, 16 Annunciators on COM 3, Code B 

ICM7231C 

B 

m 









B 



• 



D 

■ 



8 Digits, 16 Annunciators on COM 1 + 3, Code B 

ICM7232A 

m 

EQ 


■ 

■ 






B 


• 






D 

IcHiil 

10 Digits, 20 Annunciators on COM 3, Hexadecimal 

ICM7232B 

B 

El 









B 

■ 


D 

■ 




O 

jc^il 

10 Digits, 20 Annunciators on COM 3, Code B 

ICM7232C 

m 

Eil 









3 



• 





D 


10 Digits, 20 Annunciators on COM 1 + 3, Code B 

ICM7233A 





4 






B 




• 


• 




4 Alphanumeric Characters. Evaluation Kit Available 

ICM7233B 




■ 

□ 






B 




• 


• 



lES 

4 Alphanumeric Characters. Full-Width Numbers 

ICM7243A 




8 




• 







• 

z 

• 




8 Alphanumeric Characters + Decimal Pt. can be 

Daisy Chained or Cascaded. Evaluation Kit Avail. 

ICM7243B 



_8_ 


I 



• 







• 

z 

• 
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CLOCKS/TIMERS/COUNTERS 




Available with and without on-board display drivers, 
Intersil’s broad range of Timer/Counters circuits serves a 


wide variety of control functions. For separate Display Driver 
circuits, see separate section. 


Timer/Counters With Display Drivers 



ICM7217 



• 



• 


• 


■ 



_J 

• 

• 

• 






2 


Industrial control: preset/predetermining 
counters, sequencers, on/off delay timers, 
batch counters. Presets and loads 
compare register from thumbwheel 
switches. 

ICM7217A 


• 




• 


• 


■ 




• 

• 

• 


□ 

□ 

□ 

□ 

2 


ICM7217B 



• 



• 



• 





• 

• 

• 


□ 

□ 

□ 

□ 

2 


iCM7217C 


• 




• 



• 





• 

• 

• 


□ 

□ 

□ 

□ 

2 


ICM7227 



• 



• 


• 






o 

a 

a 

■ 

□ 

D 

a 

□ 

2 


Microprocessor compatible interface. 
Industrial control; preset/predetermining 
counters, sequencers, on/off delay timers, 
batch counters. Presets and loads 
compare register from a microprocessor. 

ICM7227A 


• 




• 


• 






• 

• 

• 


□ 

□ 

□ 

□ 

2 


ICM7227B 



• 



• 



• 




~1 

• 

• 

• 


□ 

□ 

□ 

□ 

2 


ICM7227C 


• 




• 



• 





• 

• 

• 


□ 

□ 

□ 

□ 

2 


4V2 digit 





• 



□ 

□ 


■ 





• 


□ 

□ 




15 

• 

10 ixA operating current. Can be cascaded 
for more digits. 

IBKQi 




• 



• 


• 






• 


• 

• 




15 



a 


_ 




□ 

□ 


■ 





□ 

□ 

□ 

□ 



■ 

mm 

• 

Has brightness adjustment, 10 fiA current 
with display blanked, cascadable. 

1 ICM7225A 

• 






• 


• 






□ 

□ 

a 

□ 




15 


5y2 DIGIT 

ICM7249 

1 

1 

1 

a 

1 

1 

D 

D 

1 

1 

1 

1 

D 

1 

1 

1 

1 

D 

1 

1 

1 



Event timer/counter, hour meter. 14 
programmable modes. Selectable input 
filtering. 


6 DIGIT 


ICM7215 

□ 

E 

n 

□ 

□ 

n 

• 

□ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


□ 

4 functions: start/stop/reset, split, taylor, 
time out. 1/100’s seconds and low battery. 


7 DIGIT 


ICM7208 

1 

D 

1 

r 

□ 

0 

• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.5 

0 

Use with ICM7207/A for a 7-digit 
frequency counter. 


8 DIGIT 


ICM7216A 



• 




□ 

□ 


• 

• 

• 

• 


□ 

D 


a 

■ 



10 


Universal frequency counter with display 
drivers. 4 internal gate times, auto decimal 
point, leading zero blanking, overflow 
indication. Display off, hold, and reset 
inputs. 

ICM7216B 


• 





□ 

□ 


• 

• 

• 

• 


• 

• 


• 




10 


ICM7216C 



_?j 




• 

• 


• 





□ 

□ 


• 




10 


ICM7216D 


• 





□ 

□ 


• 





a 

a 


• 




10 


ICM7226A 

■ 

■ 

a 




□ 

□ 

i 

• 

• 

• 

• 

Zj 

• 

• 

• 

• 




10 

• 

Same as ICM7216 plus period and time 
interval averaging, BDC outputs, ixP PIA 
compatible. 

ICM7226B 

■ 

H 

■ 




1 


— 

• 

• 

• 

• 

• 

• 

• 

_J 

• 

• 




10 



■ These counters will measure frequency when used with the ICM7207 (0.01 and 0.1 second timebase) or the ICM7207A (0.1 and 1.0 second timebase) 
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CLOCKS/TIMERS/COUNTERS 


:<Sj 


Timers/Counters Without Display Drivers 


Type 

Special 

Features 

Description 

ICM7555 


Low power CMOS equivalent of industry standard 555 timer — only 80 /xA supply current. ICM7555 does 
not have the large supply current transients of the bipolar 555 and does not require the large bypassing 
capacitors needed by the 555. Low leakage threshold and trigger inputs allow use of higher impedance 

RC timing components for extra long time delays. 

ICM7556 


An ICM7556 is a dual ICM7555, a CMOS, low power equivalent of the Bipolar 556 Timer. 

ICM7240 

ICM7250 

Binary 0-225 
BCD 0-99 

Programmable CMOS counter/timer. Uses on-board RC oscillator or an external clock. The count is 
programmed by wire-AND connection of the outputs. Excellent for ON/OFF delay timers, N counters, 
and long period delays. 

ICM7242 

Fixed 128/255 

RC oscillator + 8-bit counter, similar to ICM7240 but with fixed 256 count. Used for extremely long time 
delays. Cascadable. 


Oscillator/Divider Selector Guide 


Type 

Output 

Frequency 

Supply 

Voltage 

(V) 

Typical 

Current 

(mA) 

Pulse 

Width 

(ms) 

Crystal 

Frequency 

Other Outputs/Comments 

ICM7213 

1 Pulse/Min 

2-4 

100 

125, 1000 

4.19 MHz 

1 Pulse/Sec., 2048, 1024, 34.133, 16 Hz 


1 Hz 

2-4 

100 

7.8 

4.19 MHz 

1 Pulse/Min., 2048, 1024, 34.133, 16 Hz 


16 Hz 

2-4 

100 

Sq. Wave 

4.19 MHz 

1 Pulse/Min., 2048, 1024, 34.133, 1 Hz 


1000 Hz 

2-4 

100 

Sq. Wave 

4.096 MHz 

2000, 2000 Pulses/Min. 


1024 Hz 

2-4 

100 

Sq. Wave 

4.19 MHz 

1 Pulse/Min., 2048, 34.133, 16, 1 Hz 


2048 Hz 

2-4 

100 

Sq. Wave 

4.19 MHz 

1 Pulse/Min., 1024, 34.133, 16, 1 Hz 

ICM7209 

250 kHz- 
10 MHz 

4.5-5.5 

11,000 

Sq. Wave 

1-10 MHz 

Two buffered outputs — Crystal Frequency and -;- 8 
output. Drives up to 5 TTL loads. 


ICM7170 
/iP-Compatible 
Real-Time Clock, CMOS 

This real-time clock circuit is set or read by accessing eight internal 
separately addressable and programmable counters from 1/100 sec¬ 
onds to 99 years. An 8-bit bidirectional bus is used for the data I/O 
circuitry. Access time of 300 ns eliminates the need for mpu wait 
states or software overhead. An Address Latch Enable input is pro¬ 
vided to permit both multiplexed and direct addressing. These fea¬ 
tures allow easy interface with any available microprocessor. Other 
features include full calendar with automatic leap-year correction, on- 
chip battery backup switch over circuit and on-chip alarm comparator 
and RAM. Available in 24-pin plastic DIP and CERDIP package with 
temperature range from -40°C to +85°C. 
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Section 2 — A/D Converters 

Display Type 


ICL7106.2-1 

ICL7107.2-1 

ICL7116.2-13 

ICL7117.2-13 

ICL7126.2-24 

ICL7129.2-35 

ICL7136.2-47 

ICL7137.2-58 

ICL7139.2-67 

ICL7149.2-81 

ICL7182.2-95 















ICL7106/ICL7107 

SVz-Digit LCD/LED 
Single-Chip A/D Converter 

GENERAL DESCRIPTION 

The Intersil ICL7106 and 7107 are high performance, low 
power 3y2-digit A/D converters containing all the necessary 
active devices on a single CMOS I.C. Included are seven- 
segment decoders, display drivers, a reference, and a 
clock. The 7106 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 7107 will 
directly drive an instrument-size light emitting diode (LED) 
display. 

The 7106 and 7107 bring together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than 10/jlV, zero drift of less 
than IjuV/^C, input bias current of 10 pA max., and rollover 
error of less than one count. True differential inputs and 
reference are useful in all systems, but give the designer an 
uncommon advantage when measuring load cells, strain 
gauges and other bridge-type transducers. Finally, the true 
economy of single power supply operation (7106), enables 
a high performance panel meter to be built with the addition 
of only 10 passive components and a display. 



FEATURES 

• Guaranteed Zero Reading for 0 Volts Input on All 
Scales 

• True Polarity at Zero for Precise Null Detection 

• IpA Typical input Current 

• True Differential Input and Reference 

• Direct Display Drive — No External Components 
Required — LCD ICL7106 

— LED ICL7107 

• Low Noise - Less Than ISjaV p-p 

• On-Chip Clock and Reference 

• Low Power Dissipation - Typically Less Than lOmW 

• No Additional Active Circuits Required 

• New Small Outline Surface Mount Package Available 

• Evaluation Kit Available 


ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

ICL7106CPL 

ICL7106CJL 

ICL7106CM44 

0“Cto +70“C 
0“Cto +70*C 
O^Cto +70'’C 

40 pin plastic DIP 

40 pin CERDIP 

44 pin Surface Mount 

ICL7107CJL 

ICL7107CPL 

0*Cto +70“C 
0*Cto +70*C 

40 pin CERDIP 

40 pin plastic DIP 

ICL7106EV/Kit 

ICL7107EV/Kit 

Evaluation kits contain 1C, display, 
circuit board, passive components and 
hardware. 



V"C 

D1C 

C1C 


(MINUS) 



IB 

2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 ICL7106 (LCD) 

34 

1 ICL7107 (LED) 

33 

32 

10 

31 

11 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

2S_ 

ill 


□ IN LO 

□ A/Z 

□ BUFF 

□ INT 

□ V“ 

□ G2 (TENS) 

□cat's 
g 


p BP/GND 
(7106)(7107) 



3G2 

3C3 

DA3 

:G3 

:bp 

:pol 

nAB4 

3E3 

:F3 

:b3 


Figure 1: Pin Configurations 
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ICL7106/ICL7107 ^amH^DOL 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

ICL7106, V+ toV-.15V 

ICL7107,V+ toGND .+6V 

ICL7107,V-toGND .-9V 

Analog Input Voltage (either input)(Note 1) .V + to V~ 

Reference Input Voltage (either input) .V + to V~ 

Clock Input 

ICL7106 .TEST to V+ 

ICL7107.GNDtoV+ 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 1: Input voltages may exceed the supply voltages provided the input current is iimited to ± 100ju.A. 

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


ELECTRICAL CHARACTERISTICS (Notes) 


Characteristics 

Test Conditions 

Min 

Typ 

Max 

Unit 

Zero Input Reading 

V|N = 0.0V 

Full Scale=200.0mV 

-000.0 

±000.0 

+ 000.0 

Digital Reading 

Ratiometric Reading 

V|n = Vref 

VREF=100mV 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 
reading for equal positive and 
negative inputs near Full Scale) 

-V|N=+V|N®200.0mV 

-1 

±.2 

+ 1 

Counts 

Linearity (Max. deviation from 
best straight line fit) 

Full scale = 200.0mV 

or full scale = 2.000V (Note 6) 

-1 

±.2 

+ 1 

Counts 

Common Mode Rejection Ratio 
(Note 4) 

VcM=±1V.V,N = 0V 

Full Scale = 200.0mV 


50 



Noise (Pk-Pk value not exceeded 
95% of time) 

V|N = 0V 

Full Scale=200.0mV 


15 


l^v 


V|N = 0(Note 6) 


1 

10 

pA 


V|N = 0 

0“<Ta< 70°C (Note 6) 


0.2 

1 

ix\/rc 

Scale Factor Temperature 
Coefficient 

V|N = 199.0mV 

0”<Ta<70‘’C 

(Ext. Ref. Oppm/“C) (Note 6) 


1 

5 

ppm/®C 

V+ Supply Current (Does not 
include LED current for 7107) 

< 

z 

II 

o 


0.8 

1.8 

mA 

V” Supply Current (7107 only) 



0.6 

1.8 

mA 

Analog Common Voltage (With 
respect to Pos. Supply) 

25kn between Common & 

Pos. Supply 

2.4 

2.8 

3.2 

V 

Temp. Coeff. of Analog Common 
(With respect to Pos. Supply) 

25kn between Common & 

Pos. Supply 


80 


ppm/“C 


Power Dissipation (Note 2) 

Ceramic Package .lOOOmW 

Plastic Package.SOOmW 

Operating Temperature.O^Cto +70‘’C 

Storage Temperature .-es^C to +150“C 

Lead Temperature (Soldering, lOsec) .SOO^C 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 


Characteristics 

Test Conditions 

Min 

Typ 

Max 

Unit 

7106 ONLY 

Pk-Pk Segment Drive Voltage 

Pk-Pk Backplane Drive Voltage 
(Note 5) 

V+ toV- = 9V 

4 

5 

6 

V 

7107 ONLY 

Segment Sinking Current 
(Except Pin 19 & 20) 

V+=5.0V 

Segment voltage=3V 

5 

8.0 


mA 

(Pin 19 only) 

(Pin 20 only) 


10 

4 

16 

7 


mA 


NOTES: 3. Unless otherwise noted, specifications apply to both the 7106 and 7107 at Ta=25”C, fciock=^8l<Hz. 7106 is tested in the circuit of Figure 2. 7107 is 
tested in the circuit of Figure 3. 

4. Refer to “Differential Input” discussion. 

5. Back plane drive is in phase with segment drive for ‘off’ segment, 180** out of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mV. 

6. Not tested, guaranteed by design. 


TEST CIRCUITS 
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DETAILED DESCRIPTION 
Analog Section 

Figure 4 shows the Analog Section for the ICL7106 and 
7107. Each measurement cycle is divided into three phas¬ 
es. They are (1) auto-zero (A/Z), (2) signal integrate (INT) 
and (3) de-integrate (DE). 

Auto-zero phase 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages in the buffer amplifi¬ 
er, integrator, and comparator. Since the comparator is in¬ 
cluded in the loop, the A/Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less than lOjaV. 

Signal Integrate phase 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range: up to one volt from either sup¬ 
ply. If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the poiarity of the integrat¬ 
ed signal is determined. 

De-Integrate phase 

The final phase is de-integrate, or reference integrate. In¬ 
put low is internally connected to analog COMMON and in¬ 
put high is connected across the previously charged refer¬ 
ence capacitor. Circuitry within the chip ensures that the 


capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re¬ 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 



Differential Input 

The input can accept differential voltages anywhere with¬ 
in the common mode range of the input amplifier, or specifi¬ 
cally from 0.5 volts below the positive suppiy to 1.0 volt 
above the negative supply. In this range, the system has a 
CMRR of 86 dB typical. However, care must be exercised to 
assure the integrator output does not saturate. A worst case 
condition would be a large positive common-mode voltage 
with a near full-scale negative differential input voltage. The 
negative input signal drives the integrator positive when 
most of its swing has been used up by the positive common 
mode voltage. For these critical applications the integrator 
output swing can be reduced to less than the recommended 
2V full scale swing with little loss of accuracy. The integrator 
output can swing to within 0.3 volts of either supply without 
loss of linearity. See Application Note A032 for a discussion 
of the effects of stray capacitance. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capaci¬ 
ty on its nodes, if there is a large common mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for posi¬ 
tive or negative input voltage will give a roll-over error. How¬ 
ever, by selecting the reference capacitor such that it is 
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large enough in comparison to the stray capacitance, this 
error can be held to less than 0.5 count worst case. (See 
Component Value Selection.) 

Analog COMMON 

This pin is included primarily to set the common mode 
voltage for battery operation (7106) or for any system where 
the input signals are floating with respect to the power sup¬ 
ply. The COMMON pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, analog COMMON has some of the attri¬ 
butes of a reference voltage. When the total supply voltage 
is large enough to cause the zener to regulate (>7V), the 
COMMON voltage will have a low voltage coefficient 
(0.001 %/V), low output impedance ( = 15ft), and a temper¬ 
ature coefficient typically less than BOppm/^C. 

The limitations of the on-chip reference should also be 
recognized, however. With the 7107, the internal heating 
which results from the LED drivers can cause some degra¬ 
dation in performance. Due to their higher thermal resist¬ 
ance, plastic parts are poorer in this respect than ceramic. 
The combination of reference Temperature Coefficient 
(TC), internal chip dissipation, and package thermal resist¬ 
ance can increase noise near full scale from 25 julV to 
80jLiVp-p. Also the linearity in going from a high dissipation 
count such as 1000 (20 segments on) to a low dissipation 
count such as 1111 (8 segments on) can suffer by a count or 
more. Devices with a positive TC reference may require 
several counts to pull out of an overrange condition. This is 
because overrange is a low dissipation mode, with the three 
least significant digits blanked. Similarly, units with a nega¬ 
tive TC may cycle between overrange and a nonoverrange 
count as the die alternately heats and cools. All these prob¬ 
lems are of course eliminated if an external reference is 
used. 


The 7106, with its negligible dissipation, suffers from 
none of these problems. In either case, an external refer¬ 
ence can easily be added, as shown in Figure 5. 



Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in¬ 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common mode volt¬ 
age from the converter. The same holds true for the refer¬ 
ence voltage. If reference can be conveniently tied to ana¬ 
log COMMON, it should be since this removes the common 
mode voltage from the reference system. 

Within the 1C, analog COMMON is tied to an N channel 
FET that can sink approximately 30mA of current to hold 
the voltage 2.8 volts below the positive supply (when a load 
is trying to pull the common line positive). However, there is 
only lOjaA of source current, so COMMON may easily be 
tied to a more negative voltage thus over-riding the internal 
reference. 


TEST 

The TEST pin serves two functions. On the 7106 it is 
coupled to the internally generated digital supply through a 
500ft resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in¬ 
clude on the LCD display. Figures 6 and 7 show such an 
application. No more than a 1 mA load should be applied. 



TO LCD 

DECIMAL POINT 


TO LCD 
BACK PLANE 
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Figure 6: Simple Inverter for Fixed Decimal Point 



TO LCD 

DECIMAL 

POINTS 
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Figure 7: Exclusive ‘OR’ Gate for 
Decimal Point Drive 
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Figure 9: Digital Section 7107 
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The second function is a “lamp test”. When TEST is 
pulled high (to V+) all segments will be turned on and the 
display should read — 1888. The TEST pin will sink about 
1 0mA under these conditions. 

Caution: on the 7106, in the lamp test mode, the seg¬ 
ments have a constant DC voltage (no square-wave) and 
may burn the LCD display if left in this mode for several 
minutes. 

DIGITAL SECTION 

Figures 8 and 9 show the digital section for the 7106 and 
7107, respectively. In the 7106, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the rela¬ 
tive large capacitive currents when the back plane (BP) volt¬ 
age is switched. The BP frequency is the clock frequency 
divided by 800. For three readings/second this is a 60Hz 
square wave with a nominal amplitude of 5 volts. The seg¬ 
ments are driven at the same frequency and amplitude and 
are in phase with BP when OFF, but out of phase when ON. 
In all cases negligible DC voltage exists across the seg¬ 
ments. 

Figure 9 is the Digital Section of the 7107. It is identical to 
the 7106 except that the regulated supply and back plane 
drive have been eliminated and the segment drive has been 
increased from 2 to 8 mA, typical for instrument size com¬ 
mon anode LED displays. Since the 1000 output (pin 19) 
must sink current from two LED segments, it has twice the 
drive capability or 16mA. 

In both devices, the polarity indication is “on” for nega¬ 
tive analog inputs. If IN LO and IN HI are reversed, this 
indication can be reversed also, if desired. 

System Timing 

Figure 10 shows the clocking arrangement used in the 
7106 and 7107. Three basic clocking arrangements can be 
used; 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 



The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cycle of 4,000 
counts (16,000 clock pulses) independent of input voltage. 
For three readings/second, an oscillator frequency of 
48kHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator fre¬ 
quencies of 240kHz, 1 20kHz, 80kHz, 60kHz, 48kHz, 40kHz, 
OOVakHz, etc. should be selected. For 50Hz rejection. Oscil¬ 
lator frequencies of 200kHz, 100kHz, 662/3 kHz, 60kHz, 
40kHz, etc. would be suitable. Note that 40kHz (2.5 read¬ 
ings/second) will reject both 50 and 60Hz (also 400 and 
440Hz). 

COMPONENT VALUE SELECTION 
Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with IOOjulA of quiescent current. They can 
supply 20jaA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volt full scale, 470kn is near 
optimum and similarly a 47kn for a 200.0 mV scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from ei¬ 
ther supply). In the 7106 or the 7107, when the analog 
COMMON is used as a reference, a nominal ±2 volt full 
scale integrator swing is fine. For the 7107 with ±5 volt 
supplies and analog COMMON tied to supply ground, a 
+ 3.5 to ±4 volt swing is nominal. For three readings/sec¬ 
ond (48kHz clock) nominal values for C|nt are 0.22jixF and 
O.IOjitF, respectively. Of course, if different oscillator fre¬ 
quencies are used, these values should be changed in in¬ 
verse proportion to maintain the same output swing. 

An additional requirement of the integrating capacitor is 
that it must have a low dielectric absorption to prevent roll¬ 
over errors. While other types of capacitors are adequate 
for this application, polypropylene capacitors give undetect¬ 
able errors at reasonable cost. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full scale where 
noise is very important, a 0.47/xF capacitor is recommend¬ 
ed. On the 2 volt scale, a 0.047jaF capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 
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Reference Capacitor 

A O.ljuiF capacitor gives good results in most applica¬ 
tions. However, where a large common mode voltage exists 
(i.e. the REF LO pin is not at analog COMMON) and a 
200mV scale is used, a larger value is required to prevent 
roll-over error. Generally 1 .OjaF will hold the roll-over error 
to 0.5 count in this Instance. 

Oscillator Components 

For all ranges of frequency a 100kn resistor is recom¬ 
mended and the capacitor is selected from the equation 

0.45 

f=-—. For 48kHz clock (3 readings/second), C=100pF. 

RC 

Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V|n = 2Vref- Thus, for the 200.0mV and 
2.000 volt scale, Vref should equal 100.0 mV and 1.000 volt, 
respectively. However, in many applications where the A/D 
Is connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0mV, the designer should use the input voltage di¬ 
rectly and select Vref =0-341V. Suitable values for inte¬ 
grating resistor and capacitor would be 120kft and 0.22jLtF. 
This makes the system slightly quieter and also avoids a 
divider network on the input. The 7107 with ±5V supplies 
can accept input signals up to ±4V. Another advantage of 
this system occurs when a digital reading of zero Is desired 
for V|N#0. Temperature and weighing systems with a vari¬ 
able tare are examples. This offset reading can be conve¬ 
niently generated by connecting the voltage transducer be¬ 
tween IN HI and COMMON and the variable (or fixed) offset 
voltage between COMMON and IN LO. 

7107 Power Supplies 

The 7107 Is designed to work from ±5V supplies. How¬ 
ever, if a negative supply is not available, it can be generat¬ 
ed from the clock output with 2 diodes, 2 capacitors, and an 
inexpensive I.C. Figure 11 shows this application. See 
ICL7660 data sheet for an alternative. 



V= -3.3w 
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Figure 11: Generating Negative Suppiy 
from +5V 



In fact, in selected applications no negative supply is re¬ 
quired. The conditions to use a single + 5V supply are: 

1. The input signal can be referenced to the center of 
the common mode range of the converter. 

2. The signal is less than ± 1.5 volts. 

3. An external reference is used. 

TYPICAL APPLICATIONS 

The 7106 and 7107 may be used in a wide variety of 
configurations. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatili¬ 
ty of these A/D converters. 
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Figure 17:7107 operated from single +5V 
supply. An external reference must be used in 
this application, since the voltage between V+ 
and V~ is insufficient for correct operation of 
the internal reference. 



33 



Figure 18:7107 measuring ratiometric values of 
Quad Load Ceil. The resistor values within the 
bridge are determined by the desired sensitivity. 


TO BACK PLANE 
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Figure 19:7106 used as a digital centigrade 
thermometer. A silicon diode-connected 
transistor has a temperature coefficient of 
about -2mVrc. Calibration is achieved by 
placing the sensing transistor in ice water and 
adjusting the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in 
boiling water and the scale-factor potentiometer 
adjusted for 100.0 reading. 



Figure 20: Circuit for developing Underrange 
and Overrange signals from 7106 outputs. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE; AH typical values have been characterized but are not tested. 


2-10 











ICL7106/ICL7107 



ai components required, then wiring a breadboard, can of¬ 
ten cause delays of days or sometimes weeks. To avoid this 
problem and facilitate evaluation of these unique circuits, 
Intersil is offering a kit which contains all the necessary 
components to build a SVa-digit panel meter. With the help 
of this kit, an engineer or technician can have the system 
“up and running” in about half an hour. 

Two kits are offered, the ICL7106EV/KIT and the 
ICL7107EV/KIT. Both contain the appropriate IC, a circuit 
board, a display (LCD for 7106EV/KIT, LEDs for 7107EV/ 
KIT), passive components, and miscellaneous hardware. 

APPLICATION NOTES 

A016 “Selecting A/D Converters”, by David Fullagar. 
A017 “The Integrating A/D Converter”, By Lee Evans. 
A018 “Do’s and Don’ts of Applying A/D Converters”, by 
Peter Bradshaw and Skip Osgood. 

A023 “Low Cost Digital Panel Meter Designs”, by David 
Fullagar and Michael Dufort. 

A032 “Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106/7/9 Family”, by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with the ICL7106”, by Larry Goff. 

A052 “Tips for Using Single-Chip 3y2-Digit A/D Convert¬ 
ers”, by Dan Watson. 



7106/7107 EVALUATION KITS 

After purchasing a sample of the 7106 or the 7107, the 
majority of users will want to build a simple voltmeter. The 
parts can then be evaluated against the data sheet specifi¬ 
cations, and tried out in the Intended application. However, 
locating and purchasing even the small number of addltion- 
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Figure 22: AC to DC Converter with 7106. TEST is used as a common mode reference ievei to ensure 

compatibiiity with most op-amps. 
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ICL7116/7117 

SVz-Digit LCD/LED 
Single-Chip A/D Converter 
with Display Hold 



GENERAL DESCRIPTION 

The Intersil ICL7116 and 7117 are high performance, low 
power 3 - 1/2 digit A/D converters. All the necessary active 
devices are contained on a single CMOS I.C., including sev¬ 
en segment decoders, display drivers, reference, and a 
clock. The 7116 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 7117 will 
directly drive an instrument-size light emitting diode (LED) 
display. 

The 7116 and 7117 have almost all of the features of the 
7106 and 7107 with the addition of a HoLD Reading input. 
With this input, it is possible to make a measurement and 
then retain the value on the display indefinitely. To make 
room for this feature the reference input has been refer¬ 
enced to Common rather than being fully differential. These 
circuits retain the accuracy, versatility, and true economy of 
the 7106 and 7107. They feature auto-zero to less than 
lOjaV, zero drift of less than 1 julV/“C, input bias current of 
lOpA maximum, and roll over error of less than one count. 
The versatility of true differential input is of particular advan¬ 
tage when measuring load cells, strain gauges and other 
bridge-type transducers. And finally, the true economy of 
single power supply operation (7116) enables a high per¬ 
formance panel meter to be built with the addition of only 
eleven passive components and a display. 


FEATURES 

• Hold Reading Input Allows Indefinite Display Hold 

• Guaranteed Zero Reading for 0 Volts Input 

• True Polarity at Zero for Precise Null Detection 

• 1pA Input Current Typical 

• True Differential Input 

• Direct Display Drive — No External Components 
Required — LCD ICL7116 

— LED ICL7117 

• Low Noise — Less Than ISjllV pk-pk Typical 

• On>Chip Clock and Reference 

• Low Power Dissipation — Typically Less Than 10mW 

• No Additional Active Circuits Required 

• New Small Outline Surface Mount Package Available 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7116CPL 

ICL7116CM44 

0“Cto +70*^0 
0“C to + 70“C 

40-Pin Plastic DIP 
44-Pln Surface Mount 

ICL7117CPL 

0“Cto +70‘*C 

40-Pin Plastic DIP 



(MINUS) 


^ □ OSC 1 
39 □ OSC 2 
38 □ OSC 3 
37 □ TEST 
36 □ REF HI 
35 □ REF LO 
34 □ C"ref 
33 □ C~REF 
32 □ COMMON 
31 DIN HI 
30 □ IN LO 
29 H A/Z 
28 □ BUFF 
27 □ INT 
26 □V 

25 ^02 (TENS) 
24 DCSIC 
23 □A3 § 

22 □G3| « 

21 □ BP/GND 
(7116)/(7117) 
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Figure 1: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 


ICL7116 

Supply Voltage (V+ to V-) .15V 

Analog Input Voltage (either input) (Note 1).V+ to V~ 

Reference Input Voltage (either input) .V+ to V~ 

H LDR, Clock I nput .Test to V+ 

Power Dissipation (Note 2) 

Ceramic Package .lOOOmW 

Plastic Package. 800mW 

Operating Temperature.O^Cto +70‘’C 

Storage Temperature .- es^C to +150“C 

Lead Temperature (Soldering, lOsec) . 300“C 


ICL7117 

Supply Voltage V+ .+6V 

V- .-9V 

Analog Input Voltage (either input) (Note 1).V+ to V- 

Reference Input Voltage (either input) .V+ to V“ 

HLDR, Clock Input .Gnd to V+ 

Power Dissipation (Note 2) 

Ceramic Package .lOOOmW 

Plastic Package. 800mW 

Operating Temperature.0*0 to +70“C 

Storage Temperature .-BS^Cto+150*C 

Lead Temperature (Soldering, lOsec) . 300“C 


Note 1: Input voltages may exceed the supply voltages provided the input current is limited to ± lOOjuA, 

Note 2: Dissipation rating assumes device is mounted with ail leads soldered to printed circuit board. 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Noted) 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Zero Input Reading 

V|N = 0.0V 

Full Scale=200.0mV 

-000.0 

±000.0 

+ 000.0 

Digital Reading 

Ratiometric Reading 

V|n = Vref 

Vref~ 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 
reading for equal positive and 
negative eading near Full Scale) 

1 V|N 1 = 200.0mV 

-1 

±0.2 

+ 1 

Counts 

Linearit (Max. deviation from 
best straight line fit) 

Full Scale=200mV 

or Full Scale=2.000V (Note 7) 

-1 

±0.2 

+ 1 

Counts 

Common Mode Rejection Ratio 
(Note 4) 

VcM = ±1V, V|N = 0V, 

Full Scale=200.0mV 


50 


JLtV/V 

Noise (Pk — Pk value not exceeded 
95% of time) 

V|N = 0V 

Full Scale=200.0mV 


15 


M’V 

Leakage Current @ Input 

V|N = 0V (Note 7) 


1 

10 

pA 

Zero Reading Drift 

V|N = 0 

0"C<Ta< 70“C (Note 7) 


0.2 

1 

fxwrc 

Scale Factor Temperature 

Coefficient 

V|N = 199.0mV 

0‘’C<Ta<70“C 

(Ext. Ref. Oppm/^C) (Note 7) 


1 

5 

ppm/“C 

V+ Supply Current (Does not 
include LED current for 7117) 

o 

II 

z 

> 


0.8 

1.8 

mA 

V~ Supply Current (7117 only) 



0.6 

1.8 

mA 

Analog Common Voltage (With 
respect to pos. supply) 

25kft between COMMON 
& pos. Supply 

2.4 

2.8 

3.2 

V 

Temp. Coeff. of Analog Common 
(with respect to pos. Supply) 

25k^l between COMMON 
& pos. Supply 


80 


ppm/®C 

Input Resistance, Pin 1 (Note 6) 


30 

70 


kn 

V|L, Pin1 (7116 only) 




TEST+1.5 

V 
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

V|L, Pini (7117 only) 





V 

V|H, Pin 1 (Both) 


V+-1.5 



V 

7116 ONLY 

< 

+ 

1 

< 

1 

II 

CO 

< 

4 

5 

6 


Pk-Pk Segment Drive Voltage 
Pk-Pk Backplane Drive Voltage 
(Note 5) 

4 

5 

6 

V 


7117 ONLY 

Segment Sinking Current 

V+=5.0V 





(Except Pin 19 and 20) 

Segment Voltage=3V 

5 




(Pin 19 only) 


10 




(Pin 20 only) 


4 





NOTES: 3. Unless otherwise noted, specifications apply to both the 7116 and 7117 at Ta=25*C, fciock=48kHz. 7116 is tested in the circuit of Figure 2. 7117 is 
tested in the circuit of Figure 3. 

4. Refer to “Differential Input” discussion. 

5. Back plane drive is in phase with segment drive for ‘off’ segment, 180” out of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mV. 

6. The 7116 logic input has an internal pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 iogic input has an internal pull-down 
resistor connected from HLDR, pin 1 to GROUND, pin 21. 

7. Not tested, guaranteed by design. 

TEST CIRCUITS 




Figure 2: ICL7116 Test Circuit and Typical 
Application With Liquid Crystal Display 
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DETAILED DESCRIPTION 
Analog Section 

Figure 4 shows the Analog Section for the ICL7116 and 
7117. Each measurement cycle is divided into three phas¬ 
es. They are (1) auto-zero (A/Z), (2) signal integrate (INT) 
and (3) de-integrate (DE). 

Auto-zero phase 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages In the buffer amplifi¬ 
er, Integrator, and comparator. Since the comparator is In¬ 
cluded in the loop, the A-Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less than lOjaV. 

Signal Integrate phase 

During signal integrate, the auto-zero loop Is opened, the 
internal short is removed, and the internal input high and 


low are connected to the external pins. The converter then 
Integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range; within one volt of either supply. 
If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the Integrat¬ 
ed signal is determined. 

De-Integrate phase 

The final phase is de-integrate, or reference integrate. In¬ 
put low is internally connected to analog COMMON and in¬ 
put high is connected across the previously charged refer¬ 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the Integrator output to return to zero. The time re¬ 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 
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Differential Input 

The input can accept differential voltages anywhere with¬ 
in the common mode range of the input amplifier; or specifi¬ 
cally from 0.5 volts below the positive supply to 1.0 volt 
above the negative supply. In this range the system has a 
CMRR of typically 86dB. However, since the integrator also 
swings with the common mode voltage, care must be exer¬ 
cised to assure the integrator output does not saturate. A 
worse case condition would be a large positive common¬ 
mode voltage with a near full-scale negative differential in¬ 
put voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica¬ 
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swing with little loss of accura¬ 
cy. The integrator output can swing to within 0.3 volts of 
either supply without loss of linearity. See Application Note 
A032 for a discussion of the effects of stray capacitance. 

Reference 

The reference input must be generated as a positive volt¬ 
age with respect to COMMON. Note that current flowing in 
the COMMON pins’ internal resistance causes a slight shift 
in the effective reference voltage, disturbing ratiometric 
readings at low reference inputs. If possible, do not let this 
current vary. 

Analog COMMON 

This pin is included primarily to set the common mode 
voltage for battery operation (7116) or for any system where 
the input signals are floating with respect to the power sup¬ 
ply. The COMMON pin sets a voltage that is approximately 
2.8 volts less than the positive supply. This is selected to 
provide proper operation with a minimum end-of-life battery 
voltage of about 6V. However, analog COMMON does have 
some of the attributes of a reference voltage. When the 
total supply voltage is large enough to cause the zener to 
regulate (>7V), the COMMON voltage will have a low volt¬ 
age coefficient (.001 %/V), low output impedance (=1511), 
and a temperature coefficient typically less than OOppm/^C. 

The limitations of the on-chip reference should also be 
recognized, however. With the 7117, the internal heating 
which results from the LED drivers can cause some degra¬ 
dation in performance. Due to their higher thermal resist¬ 
ance, plastic parts are poorer in this respect than ceramic. 
The combination of reference Temperature Coefficient 
(TC), internal chip dissipation, and package thermal resist¬ 
ance can increase noise near full scale from 25/xV to 
80jLLVpk-pk. Also the linearity in going from a high dissipa¬ 
tion count such as 1000 (20 segments on) to a low dissipa¬ 
tion count such as 1111 (8 segments on) can suffer by a 
count or more. Devices with a positive TC reference may 
require several counts to pull out of an overload condition. 
This is because overload is a low dissipation mode, with the 
three least significant digits blanked. Similarly, units with a 
negative TC may cycle between overload and a nonover¬ 
load count as the die alternately heats and cools. All these 
problems are of course eliminated if an external reference Is 
used. 

The 7116, with its negligible dissipation, suffers from 
none of these problems. In either case, an external refer¬ 
ence can easily be added, as shown in Figure 5. 


Analog COMMON is also the voltage that input low re¬ 
turns to during auto-zero and de-integrate. If IN LO is differ¬ 
ent from analog COMMON, a common mode voltage exists 
in the system and Is taken care of by the excellent CMRR of 
the converter. However, In some applications IN LO will be 
set at a fixed known voltage (power supply common for in¬ 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common mode volt¬ 
age from the converter. 



Within the 1C, analog COMMON is tied to an N channel 
FET that can sink 30mA or more of current to hold the volt¬ 
age 2.8 volts below the positive supply (when a load is try¬ 
ing to pull the common line positive). However, there is only 
lOjuiA of source current, so COMMON may easily be tied to 
a more negative voltage thus over-riding the internal refer¬ 
ence. 

TEST 

The TEST pin serves two functions. On the 7116 it is 
coupled to the internally generated digital supply through a 
500n resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in¬ 
clude on the LCD display. Figures 6 and 7 show such an 
application. No more than a 1 mA load should be applied. 



Figure 6: Simple Inverter for Fixed Decimal Point 
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Figure 9 is the Digital Section of the 7117. It is identical to 
that of the 7116 except the regulated supply and back plane 
drive have been eliminated and the segment drive has been 
increased from 2 to 8mA, typical for instrument size com¬ 
mon anode LED displays. Since the 1000 output (pin 19) 
must sink current from two LED segments, it has twice the 
drive capability or 16mA. 

In both devices the polarity indicator is ON for negative 
analog inputs. This can be reversed by simply reversing IN 
LO and IN HI. 

HOLD Reading Input 

The HLDR input will prevent the latch from being updated 
when this input is at a logic “1”. The chip will continue to 
make A/D conversions, however, the results will not be up¬ 
dated to the internal latches until this input goes low. This 
input can be left open or connected to TEST (7116) or 
The second function is a “lamp test”. When TEST is GROUND (7117) to continuously update the display. This 

pulled to high (to V+) all segments will be turned on and the input is CMOS compatible, and has a 70kll typical resist- 

display should read - 1888. [Caution: on the 7116, in the ance to either TEST (7116) or GROUND (7117). 

lamp test mode, the segments have a constant DC volt¬ 
age (no square-wave) and will burn the LCD display If 
left in this mode for several minutes.] 

DIGITAL SECTION 

Figures 8 and 9 show the digital section for the 7116 and 
7117, respectively. In the 7116, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the rela¬ 
tive large capacitive currents when the back plane (BP) volt¬ 
age is switched. The BP frequency is the clock frequency 
divided by 800. For three readings/second this is a 60Hz 
square wave with a nominal amplitude of 5 volts. The seg¬ 
ments are driven at the same frequency and amplitude and 
are in phase with BP when OFF, but out of phase when ON. 

In all cases negligible DC voltage exists across the seg¬ 
ments. 


DECIMAL 

POINT 

SELECT 




-=PI>f 

Se>4- 


TO LCD 

DECIMAL 

POINTS 


I CD4030 

V+ = DPON, S_ ^ - 

GROUND = DP OFF. T \ 


Figure 7: Exclusive ‘OR’ Gate for 
Decimal Point Drive 
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DISPLAY FONT 
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The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For 
three readings/second, an oscillator frequency of 48kHz 
would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator fre¬ 
quencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 40kHz, 
saVskHz, etc. should be selected. For 50Hz rejection. Oscil¬ 
lator frequencies of 200kHz, 100kHz, 50kHz, 

40kHz, etc. would be suitable. Note that 40kHz (2.5 read¬ 
ings/second) will reject both 50 and 60Hz (also 400 and 
440Hz). 
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System Timing 

Figure 10 shows the clocking arrangement used in the 
7116 and 7117. Three basic clocking arrangements can be 
used: 


1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 
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COMPONENT VALUE SELECTION 
Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with IOOjulA of quiescent current. They can 
supply 20jaA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volts full scale, 470kft is near 
optimum and similarly a 47kn resistor is optimum for a 
200.0mV scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from ei¬ 
ther supply). In the 7116 or the 7117, when the analog 
COMMON is used as a reference, a nominal ±2 volt full 
scale integrator swing is fine. For the 7117 with ±5 volt 
supplies and analog common tied to supply ground, a ±3.5 
to ±4 volt swing is nominal. For three readings/second 
(48kHz clock), nominal values for Cint sire 0.22jiiF and 
O.IOjulF, respectively. Of course, if different oscillator fre¬ 
quencies are used, these values should be changed in in¬ 
verse proportion to maintain the same output swing. 

An additional requirement of the integrating capacitor is it 
have low dielectric absorption to prevent roll-over errors. 
While other types of capacitors are adequate for this appli¬ 
cation, polypropylene capacitors give undetectable errors at 
reasonable cost. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full scale where 
noise is very important, a 0.47juiF capacitor is recommend¬ 
ed. On the 2 volt scale, a 0.047 jllF capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 

Reference Capacitor 

A 0.1 jaF capacitor gives good results in most applica¬ 
tions. If rollover errors occur a larger value, up to 1 .OjaF may 
be required. 

Osciliator Components 

For all ranges of frequency a lOOkfl resistor is recom¬ 
mended and the capacitor is selected from the equation 

0.45 

f=-—. For 48kHz clock (3 readings/second), C=100pF. 


Reference Voitage 

The analog input required to generate full-scale output 
(2000 counts) is: V|fs| = 2VREF- Thus, for the 200.0mV and 
2.000 volt scale, Vref should equal lOO.OmV and 1.000 
volt, respectively. However, in many applications where the 
A/D is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 



digital reading. For instance, in a weighing system, the de¬ 
signer might like to have a full scale reading when the volt¬ 
age from the transducer is 0.682V. Instead of dividing the 
Input down to 200.0mV, the designer should use the input 
voltage directly and select Vref =0-341V. Suitable values 
for integrating resistor and capacitor would be 120kn and 
0.22jULF. This makes the system slightly quieter and also 
avoids a divider network on the input. The 7117 with ±5 
volts supplies can accept Input signals up to ±4 volts. An¬ 
other advantage of this system occurs when a digital read¬ 
ing of zero is desired for V|n# 0. Temperature and weighing 
systems with a variable tare are examples. This offset read¬ 
ing can be conveniently generated by connecting the volt¬ 
age transducer between IN HI and COMMON and the vari¬ 
able (or fixed) offset voltage between COMMON and IN LO. 

7117 Power Supplies 

The 7117 is designed to work from ±5 volt supplies. 
However, if a negative supply is not available, it can be gen¬ 
erated from the clock output with 2 diodes, 2 capacitors, 
and an inexpensive I.C. Figure 11 shows this application. 
See ICL7660 data sheet for an alternative. 



Figure 11: Generating Negative Supply 
from +5v 


In fact, in selected applications no negative supply is re¬ 
quired. The conditions to use a single + 5V supply are: 

1. The input signal can be referenced to the center of 
the common mode range of the converter. 

2. The signal is less than ± 1.5 volts in magnitude. 

3. An external reference is used. 

TYPICAL APPLICATIONS 

The 7116 and 7117 may be used in a wide variety of 
configurations. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatili¬ 
ty of these A/D converters. 
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Figure 16:7117 measuring ratiometric vaiues of 
Quad Load Ceii. The resistor vaiues within the 
bridge are determined by the desired sensitivity. 


APPLICATION NOTES 

A016 “Selecting A/D Converters,” by David Fuilagar. 

A017 “The Integrating A/D Converter,” by Lee Evans. 

A018 “Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A023 “Low Cost Digital Panel Meter Designs,” by David 
Fuilagar and Michael Dufort. 

A032 “Understanding the Auto-Zero and Common-Mode 
Behavior of the ICL7106/7/9 Family,” by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with the iCL7106,” by Larry Goff. 

A047 “Games People Play with intersil’s A/D 
Converters,” edited by Peter Bradshaw. 

A052 “Tips for Using Single-Chip 3y2-Digit A/D Convert¬ 
ers,” by Dan Watson. 



0338-18 

Figure 17:7116 used as a digitai centigrade 
thermometer. A siiicon diode-connected 
transistor has a temperature coefficient of 
about -2mV/°C. Caiibration is achieved by 
placing the sensing transistor in ice water and 
adjusting the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in 
boiling water and the scale-factor potentiometer 
adjusted for 100.0 reading. 
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SVa-Digit Low-Power 
Single-Chip A/D Converter 

GENERAL DESCRIPTION 

The Intersil ICL7126 is a high performance, very low pow¬ 
er 3y2-digit A/D converter. All the necessary active devices 
are contained on a single CMOS IC, including seven seg¬ 
ment decoders, display drivers, reference, and clock. The 
7126 is designed to interface with a liquid crystal display 
(LCD) and includes a backplane drive. The supply current is 
lOOjaA, ideally suited for 9V battery operation. 

The 7126 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. It features 
auto-zero to less than lOfxV, zero drift of less than 1jutV/*C, 
input bias current of lOpA max., and rollover error of less 
than one count. The versatility of true differential input and 
reference is useful in all systems, but gives the designer an 
uncommon advantage when measuring load cells, strain 
gauges and other bridge-type transducers. And finally the 
true economy of single power supply operation allows a 
high performance panel meter to be built with the addition 
of only 10 passive components and a display. 

The ICL7126 can be used as a plug-in replacement for 
the ICL7106 in a wide variety of applications, changing only 
the passive components. 

ORDERING INFORMATION 



FEATURES 

• 8,000 Hours Typical 9 Volt Battery Life 

• Guaranteed Zero Reading for 0 Volts Input On All 
Scales 

• True Polarity at Zero for Precise Null Detection 

• IpA Typical Input Current 

• True Differential Input and Reference 

• Direct LCD Display Drive No External Components 
Required 

• Pin Compatible With The ICL7106 

• Low Noise — Less Than 15jaVp-p 

• On-Chip Clock and Reference 

• Low Power Dissipation Guaranteed Less Than ImW 

• No Additional Active Circuits Required 

• Evaluation Kit Available (ICL7126EV/KIT) 


Part Number _ Temperature Range _ Package 

ICL7126CPL_O^Cto +70"C_40-Pin Plastic DIP 


iCL7126CM44 

0‘’Cto+70*C 

40-Pin Surface Mount 

ICL7126RCPL 

O^’Cto +70“C 

40-Pin Piastic DiP 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+to V“) .15V 

Analog Input Voltage (Either Input) (Note 1) _V+ to V- 

Reference Input Voltage (Either Input) .V+ to V“ 

Clock Input.TEST to V+ 


Power Dissipation (Note 2) 

Ceramic Package . 

Plastic Package. 

Operating Temperature. 

Storage Temperature . 

Lead Temperature (Soldering, lOsec) 


NOTE 1: Input voltages may exceed the supply voltages provided the input current is limited to ±100jaA. 


NOTE 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


.lOOOmW 

.SOOmW 

.... 0“Cto +70“C 
-65“Cto +150“C 
. SOO^C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings " may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Notes) 


Characteristics 

Test Conditions 


Typ 

Max 

Unit 

Zero Input Reading 

V|N = 0.0V 

Full Scale=200.0mV 

-000.0 

±000.0 

+ 000.0 

Digital Reading 

Ratiometric Reading 

V|n = Vref 

Vref“ "^OOmV 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 
reading for equal positive and 
negative reading near Full Scale) 

|-V|nI=+V|n ^ 200.0mV 

-1 

±0.2 

+ 1 

Counts 

Linearity (Max. deviation from 
best straight line fit) 

Full scale = 200mV 
or full scale = 2.000V 

-1 

±0.2 

+ 1 

Counts 

Common Mode Rejection Ratio 
(Note 4) 

VcM=±1V,V|N = 0V 

Full Scale=200.0mV 


50 


jaV/V 

Noise (Pk - Pk value not exceeded 
95% of time) 

V|N = 0V 

Full Scale=200.0mV 


15 



Leakage Current @ Input 

< 

z 

II 

o 

< 


1 

10 

pA 

Zero Reading Drift 

V|N = 0 

0“C<Ta<70"C 


0.2 

1 

jaV/“C 

Scale Factor Temperature 
Coefficient 

V|N = 199.0mV 

0“C<Ta< 70'’C 
(Ext. Ref. 0 ppm/“C) 


1 

5 

ppm/"C 

Supply Current (Does not 
include COMMON current) 

V|N = 0 
(Note 6) 


70 

100 

fjiA 

Analog COMMON Voltage (With 
respect to pos. supply) 

250kft between Common & 
pos. Supply 

2.4 

2.8 

3.2 

V 
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 


CHARACTERISTICS 

TEST CONDITIONS 

MIN 

TYP 



Temp. Coeff. of Analog COMMON 
(with respect to pos. Supply) 

250kn between Common & 
pos. Supply 


150 



Pk-Pk Segment Drive Voltage 
(Note 5) 

V+toV- = 9V 

4 

5 

6 


Pk-Pk Backplane Drive Voltage 
(Note 5) 

V+ toV- = 9V 

4 

5 

6 

V 

Power Dissipation Capacitance 

vs. Clock Freq. 


40 


PF 


NOTES: 3. Unless otherwise noteti, specifications apply at Ta= 25*C, fciock= 16kHz and are tested in the circuit of Figure 4. 

4. Refer to "Differential Input" discussion. 

5. Back piane drive is in phase with segment drive for ‘off’ segment, 180“ out of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mV. 

6. During auto zero phase, current is 10-20ju,A higher. 48kHz oscillator, Figure 5, increases current by 8 jliA (typ). 

7. Extra capacitance of CERDIP package changes oscillator resistor value to 470kn or ISOkn (1 reading/sec or 3 readings/sec). 
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TEST CIRCUITS 



0339-4 

Figure 3: ICL7126 with Liquid Crystai Dispiay 




DETAILED DESCRIPTION 
Analog Section 

Figure 2 shows the Functional Diagram of the Analog 
Section for the ICL7126. Each measurement cycle is divid¬ 
ed into three phases. They are (1) auto-zero (A-Z), (2) signal 
integrate (INT) and (3) de-integrate (DE). 

Auto-zero phase 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages in the buffer amplifi¬ 
er, integrator, and comparator. Since the comparator is in¬ 
cluded In the loop, the A-Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
Input is less then lOjixV. 

Signal Integrate phase 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range; within one Volt of either supply. 
If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the integrat¬ 
ed signal is determined. 

De-Integrate phase 

The final phase is de-integrate, or reference integrate. In¬ 
put low is internally connected to analog COMMON and in- 
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put high is connected across the previously charged refer¬ 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re¬ 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 


1000 



Differential Input 

The input can accept differential voltages anywhere with¬ 
in the common mode rante of the input amplifier; or specifi¬ 
cally from 0.5 Volts below the positive supply to 1.0 Volt 
above the negative supply. In this range the system has a 
CMRR of 86 db typical. However, since the integrator also 
swings with the common mode voltage, care must be exer¬ 
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common¬ 
mode voltage with a near full-scale negative differential in¬ 
put voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica¬ 
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swing with little loss of accura¬ 
cy. The integrator output can swing within 0.3 Volts of either 
supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capaci¬ 
ty on its nodes. If there is a large common mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for (+) or 
(-) input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in compari¬ 
son to the stray capacitance, this error can be held to less 
than 0.5 count for the worst case condition. (See Compo¬ 
nent Value Selection.) 

Analog COMMON 

This pin is included primarily to set the common mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 2.8 
Volts more negative than the positive supply. This is select¬ 
ed to give a minimum end-of-life battery voltage of about 
6V. However, analog COMMON has some of the attributes 
of a reference voltage. When the total supply voltage is 
large enough to cause the zener to regulate (<7V), the 
COMMON voltage will have a low voltage coefficient 
(0.001 %/%), low output impedance (= 150), and a temper¬ 
ature coefficient typically less than 80ppm/°C. 

The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coefficient 
(TC) can cause some degradation in performance. Temper¬ 


ature changes of 2 to 8°C, typical for instruments, can give a 
scale factor error of a count or more. Also the common 
voltage will have a poor voltage coefficient when the total 
supply voltage is less than that which will cause the zener to 
regulate (<7V). These problems are eliminated if an exter¬ 
nal reference is used, as shown in Figure 6. 



Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in¬ 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common mode volt¬ 
age from the converter. The same holds true for the refer¬ 
ence voltage. If reference can be conveniently referenced 
to analog COMMON, it should be since this removes the 
common mode voltage from the reference system. 

Within the 1C, analog COMMON is tied to an N channel 
FET that can sink 3mA or more of current to hold the volt¬ 
age 2.8 Volts below the positive supply (when a load is try¬ 
ing to pull the common line positive). However, there is only 
1 jixA of source current, so COMMON may easily be tied to a 
more negative voltage thus over-riding the internal refer¬ 
ence. 

TEST 

The TEST pin serves two functions. It is coupled to the 
internally generated digital supply through a 5001^ resistor. 
Thus it can be used as the negative supply for externally 
generated segment drivers such as decimal points or any 
other presentation the user may want to include on the LCD 
display. Figures 7 and 8 show such an application. No more 
than a 1 mA load should be applied. 

The second function is a “lamp test.” When TEST is 
pulled high (to V+) all segments will be turned on and the 
display should read —1888. The TEST pin will sink about 
10mA under these conditions. 

Caution: In the lamp test mode, the segments have a 
constant D-C voltage (no square-wave) and may burn 
the LCD display if left in this mode for extended peri¬ 
ods. 
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TO LCD 

DECIMAL POINT 


. TO LCD 
^BACK PLANE 


Figure 7: Simple Inverter for Fixed 
Decimal Point 



TO LCD 

DECIMAL 

POINTS 


Figure 8: Exclusive ‘OR’ Gate for 
Decimal Point Drive 


DISPLAY FONT 



Figure 9: Digital Section 
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DIGITAL SECTION 

Figure 9 shows the digital section for the 7126. An inter¬ 
nal digital ground is generated from a 6 Volt Zener diode 
and a large P channel source follower. This supply is made 
stiff to absorb the relative large capacitive currents when 
the back plane (BP) voltage is switched. The BP frequency 
is the clock frequency divided by 800. For three readings/ 
second this is a 60 Hz square wave with a nominal ampli¬ 
tude of 5 Volts. The segments are driven at the same fre¬ 
quency and amplitude and are in phase with BP when OFF, 
but out of phase when ON. In all cases negligible DC volt¬ 
age exists across the segments. The polarity indication is 
“ON" for negative analog inputs. If IN LO and IN HI are 
reversed, this indication can be reversed also, if desired. 

System Timing 

Figure 10 shows the clocking arrangement used in the 
7126. Three basic clocking arrangements can be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For 
three readings/second, an oscillator frequency of 48kHz 
would be used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre¬ 
quencies of 60kHz, 48kHz, 40kHz, OO-VskHz, etc. should be 
selected. For 50Hz rejection, oscillator frequencies of 66- 
^/akHz, 50kHz, 40kHz, etc. would be suitable. Note that 
40kHz (2.5 readings/second) will reject both 50 and 60Hz 
(also 400 and 440Hz). 




COMPONENT VALUE SELECTION 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with GfiA of quiescent current. They can sup¬ 
ply 1 juA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 Volt full scale, 1.8mll is near optimum 
and similarly 180kft for a 200.0mV scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the Integrator swing (approx. 0.3 Volt from ei¬ 
ther supply). When the analog COMMON is used as a refer¬ 
ence, a nominal ± 2 Volt full scale integrator swing is fine. 
For three readings/second (48kHz clock) nominal values 
for C|NT are 0.047jixF, for 1/sec (16kHz) 0.15/xF. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. 

The integrating capacitor should have low dielectric ab¬ 
sorption to prevent roll-over errors. While other types may 
be adequate for this application, polypropylene capacitors 
give undetectable errors at reasonable cost. 

At three readings/sec., a 750fl resistor should be placed 
in series with the integrating capacitor, to compensate for 
comparator delay. See App. Note A017 for a description of 
the need and effects of this resistor. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full scale where 
noise is very important, a 0.32jLiF capacitor is recommend¬ 
ed. On the 2 Volt scale, a 0.033jiiF capacitor increases the 
speed of recovery from overload and is adequate for noise 
oh this scale. 

Reference Capacitor 

A O.ljLiF capacitor gives good results in most applica¬ 
tions. However, where a large common mode voltage exists 
(i.e., the REF LO pin is not analog COMMON) and a 200mV 
scale is used, a larger value is required to prevent roll-over 
error. Generally I.OjaF will hold the roll-over error to 0.5 
count in this instance. 

Oscillator Components 

For all ranges of frequency a 50pF capacitor is recom¬ 
mended and the resistor is selected from the approximate 
0.45 

equation f ~ For 48kHz clock (3 readings/second), 
R = 180ka 
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Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V|n = 2Vref- Thus, for the 200.0mV and 
2.000 Volt scale, Vref should equal lOO.OmV and 1.000 
Volt, respectively. However, in many applications where the 
A/D is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 
digital reading. For instance, in a weighing system, the de¬ 
signer might like to have a full scale reading when the volt¬ 
age from the transducer is 0.682V. Instead of dividing the 
input down to 200.0mV, the designer should use the input 
voltage directly and select Vref =0-341V. A suitable value 
for integrating resistor would be 330kn. This makes the sys¬ 
tem slightly quieter and also avoids the necessity of a divid¬ 
er network on the input. Another advantage of this system 
occurs when a digital reading of zero is desired for V|n= 7^0. 
Temperature and weighting systems with a variable tare are 
examples. This offset reading can be conveniently generat¬ 
ed by connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage between 
COMMON and IN LO. 

TYPICAL APPLICATIONS 

The 7126 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 



reference. 

Values shown are for 200.0mV full scale, 
3 readings per second, floating suppiy 
voitage (9V battery). 



band-gap reference (1.2V type). 

IN LO is tied to COMMON, thus establishing the 
correct common mode voltage. COMMON acts 
as a pre-regulator for the reference. Values 
shown are for 1 reading per second. 



Figure 13: Recommended component 
values for 2.000V full scale, 

3 readings per second. 


For 1 reading per second, delete 7500 resistor, 
change C|nt> Ftosc fo values of Figure 12. 
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Figure 14:7126 with Zener diode 
reference. 

Since iow T.C. zeners have breakdown voitages 
~ 6.8V, diode must be placed across the total 
supply (10V). As in the case of Figure 13, IN LO 
may be tied to COMMON. 



0339-16 

Figure 15:7126 operated from 
single + 5V supply. 

An external reference must be used in this 
application, since the voltage between V+ and 
V~ is insufficient for correct operation of the 
internal reference. 



*Values depend on clock frequency. See Figures 11,12,13. 
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THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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Figure 18: Circuit for deveioping Underrange and Overrange 
signais from 7126 outputs. 



Figure 19: AC to DC Converter with 7126. Test is used as a common mode reference 
ievei to ensure compatibiiity with most op-amps. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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APPLICATION NOTES 

A016 “Selecting A/D Converters”, by David Fullagar. 

A017 “The Integrating A/D Converter”, by Lee Evans. 

A018 “Do’s and Don’ts of Applying A/D Converters”, by 
Peter Bradshaw and Skip Osgood. 

A023 “Low Cost Digital Panel Meter Designs”, by David 
Fullagar and Michael Dufort. 

A032 “Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106/7/9 Family”, by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with the ICL7106”, by Larry Goff. 

A052 “Tips for Using Single-Chip 3y2-Digit A/D Convert¬ 
ers”, by Dan Watson. 



7126 EVALUATION KIT 

After purchasing a sample of the 7126, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 

To facilitate evaluation of this unique circuit, Intersil is of¬ 
fering a kit which contains all the necessary components to 
build a SVa-digit panel meter. With the ICL7126EV/KIT and 
the small number of additional components required, an en¬ 
gineer or technician can have the system “up and running” 
in about half an hour. The kit contains a circuit board, a 
display (LCD), passive components, and miscellaneous 
hardware. 


INTERSIL’S SOLE AND EXCLUSIVE VI/ARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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41/2 Digit LCD Singie-Chip 
A/D Converter 


GENERAL DESCRIPTION 

The Intersil ICL7129 is a very high-performance 4 y 2 -digit 
analog-to-digitai converter that directly drives a multiplexed 
liquid crystal display. This single-chip CMOS integrated cir¬ 
cuit requires only a few passive components and a refer¬ 
ence to operate. It is ideal for high-resolution hand-held digi¬ 
tal multimeter applications. 

The performance of the ICL7129 has not been equaled 
before in a single-chip A/D converter. The successive inte¬ 
gration technique used in the ICL7129 results in accuracy 
better than 0.005% of full-scale and resolution down to 
lOjLiV/count. 

The ICL7129, drawing only 1mA from a 9V battery, is well 
suited for battery powered instruments. Provision has been 
made for the detection and Indication of a “LOW/BAT¬ 
TERY” condition. Autoranging Instruments can be made 
with the ICL7129 which provides overrange and underrange 
outputs and 10:1 range changing input. The ICL7129 In¬ 
stantly checks for continuity, giving both a visual Indication 
and a logic level output which can enable an external audi¬ 
ble transducer. These features and the high performance of 
the ICL7129 make it an extremely versatile and accurate 
instrument-on-a-chip. 


FEATURES 

• ± 19,999 Count A/D Converter Accurate to ±4 Count 

• lOjuiV Resolution On 200mV Scale 

• IIOdB CMRR' 

• Direct LCD Display Drive 

• True Differential Input and Reference 

• Low Power Consumption 

• Decimal Point Drive Outputs 

• Overrange and Underrange Outputs 

• Low Battery Detection and Indication 

• 10:1 Range Change Input 

ORDERING INFORMATION 


Part 

Number 

ICL7129CPL 

ICL7129EV/KIT 


Temperature 


0 "Cto +70*0 


Package 

40-Pin Plastic 
Evaluation Kit 


UnVBXrTERY CONTINUITY 

-I.8M8 


UP/OOWN RESULTS COUNTER 


SEQUENCE COUNTER/DECODER 


ANNUNCIATOR DRIVE 


B2,C2.L0BATT 


RANGE DH CONT V* V OGNO OR OR OPj OPi 

OP4 DPs 



Figure 1: Functional Diagram 


Figure 2: Pin Configuration 
(outiine dwg PL) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 3 QI 663-003 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (V+ toV-) .15V 

Reference Voltage (REF HI or REF LO).V+ to V- 

Input Voltage (Note 1) 

(IN HI or IN LO) .V+toV- 

Vdisp .DGND-0.3VtoV+ 

Digital Input Pins , 

1, 2, 19, 20, 21, 22, 27, 

37,38,39,40 .DGND to V+ 

Note 1: Input voltages may exceed the supply voltages provided that input current is limited to ±400ju,A. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to ± 1 mA. 

Note 2: Dissipation ratings assume device is mounted with all leads soldered to printed circuit board. 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

V“ to V+ =9V, Vref= ‘•■OOV. Ta= +25°C, fcLK= 120kHz, unless otherwise noted. 


Characteristics 

Test Conditions 

Min 

Typ 

Max 

Unit 

Zero Input Reading 

V|N = 0V 

200mV Scale 

-0000 

0000 

+ 0000 

Counts 

Zero Reading Drift 

V|N = 0V 

0“C<Ta< + 70X 


±0.5 


iuiV/“C 

Ratiometric Reading 

V|N = VREF=1000mV 

RANGE=2V 

9996 

9999 

10000 

Counts 

Range Change Accuracy 

V|N = 0.10000V on Low 

Range ~ 

V|N = 1 .OOOOV on High Range 

0.9999 

1.0000 

1.0001 

Ratio 

Rollover Error 

-V|N=+V|N = 199mV 


1.5 

3.0 

Counts 

Linearity Error 

200mV Scale 


1.0 


Input Common-Mode 
Rejection Ratio 

VcM = 1.0V. V|N = 0 V 

200mV Scale 


110 


dB 

Input Common-Mode 

Voltage Range 

V|N = 0 V 

200mV Scale 


(V-) +1.5 
(V+) -1.0 


V 

Noise (p-p Value not 
Exceeding 95% of Time) 

V,N = 0V 

200mV Scale 


14 


pN 

Input Leakage Current 

V|N = 0V, Pin 32,33 


1 

10 

pA 

Scale Factor Tempco 

V|N = 199mV 

0"C<Ta< + 70"C 

External VREF=Oppm/®C 


2 

7 

ppm/°C 

COMMON Voltage 

V+ to Pin 28 

2.8 

3.2 

3.5 

V 

COMMON Sink Current 

ACommon= +0.1V 


0.6 


mA 

COMMON Source Current 

ACommon= -0.1V 


10 


fxA 

DGND Voltage 

V+ to Pin 36 

V+ toV- = 9V 

4.5 

5.3 

5.8 

V 

DGND Sink Current 

ADGND=+0.5V 


1.2 


mA 

Supply Voltage Range 

V+ toV- (Notel) 

6 

9 

12 

V 


^DIFiinlli^DIL 


Power Dissipation (Note 2) 

Plastic package. 800mW 

Operating Temperature.O^Cto +70“C 

Storage Temperature .-65°Cto + 150”C 

Lead Temperature (Soldering, lOsec) . 300®C 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

V~ to V+ = 9V, Vref= 1 -OOV. Ta= + 25‘’C, fcLK = 120kHz, unless otherwise noted. (Continued) 


Characteristics 

Test Conditions 

Min 

Typ 

Max 

Unit 

Supply Current Excluding 
COMMON Current 

v+ toV- = 9V 


1.0 

1.5 

mA 

Clock Frequency 

(Note 1) 


120 

360 

kHz 

Vdisp Resistance 

Vdisp to v+ 


50 


kn 

Low Battery Flag 

Activation Voltage 

V+ toV- 

6.3 

7.2 

7.7 

V 

CONTINUITY Comparator 

VouT Pin 27 = HI 

100 

200 


mV 

Threshold Voltages 

VouT Pin 27 = LO 


200 

400 

Pull-Down Current 

Pins 37, 38, 39 


2 

10 

jaA 

“Weak Output” Current 

Pin 20, 21 Sink/Source 


3/3 


julA 

Sink/Source 

Pin 27 Sink/Source 


3/9 


Pin 22 Source Current 



40 


fiA 

Pin 22 Sink Current 



3 



NOTES: 1. Device functionality is guaranteed at the stated Min/Max limits. However, accuracy can degrade under these conditions. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Table 1. Pin Descriptions 


QJI 


Function 

1^ 

V- 

Negative power supply terminal. 


V+ 

Positive power supply terminal, and 
positive rail for display drivers. 



Input to integrator amplifier. 

26 

INTOUT 

Output of integrator amplifier. 

27 

CONTINUITY 

INPUT: When LO, continuity flag on the 
display is off. When HI, continuity flag is 
on. 

OUTPUT: HI when voltage between 
inputs is less than + 200mV. LO when 
voltage between inputs is more than 
+ 200 mV. 



Sets common-mode voltage of 3.2V 
below V+ for DE, 10X, etc. Can be used 
as pre-regulator for external reference. 




30 

Cref" 

Negative side of external reference 
capacitor. 

31 

BUFFER 

Output of buffer amplifier. 

KB 

IN LO 

Negative input voltage terminal. 

33 

IN HI 

Positive input voltage terminal. 

34 

REF HI 

Positive reference voltage input 
terminal. 

35 

REFLO 

Negative reference voltage input 
terminal. 

36 

DGND 

Ground reference for digital section. 

37 

RANGE 

3jliA pull-down for 200mV scale. Pulled 
HIGH externally for 2V scale. 

38 

DP 2 

Internal 3jaA pull-down. When HI, 
decimal point 2 will be on. 

39 

DPi 

Internal 3jaA pull-down. When HI, 
decimal point 1 will be on. 

40 

OSC 2 

Output of first clock inverter. Input of 
second clock inverter. 



Name 

Function 

rr 

OSC1 

Input to first clock inverter. 

B 

OSC3 

Output of second clock Inverter. 

3 

ANNUNCIATOR 

DRIVE 

Backplane squarewave output for 
driving annunciators. 

4 

Bi,Ci,CONT 

Output to display segments. 

5 

Ai,Gi,Di 

Output to display segments. 

6 

Fi.Ei,dPi 

Output to display segments. 

B 


Output to display segments. 

8 


Output to display segments. 

9 

F 2 , E 2 , DP 2 

Output to display segments. 

B 


Output to display segments. 

n 

A 3 , G 3 , D 3 

Output to display segments. 

m 

F 3 , E 3 , DP 3 

Output to display segments. 

Q 

B 4 , C 4 , BC 5 

Output to display segments. 

m 

A 4 , D 4 , G 4 

Output to display segments. 

B 

F 4 , E 4 , DP 4 

Output to display segments. 

m 

BP3 

Backplane #3 output to display. 

m 


Backplane #2 output to display. 

18 

BP1 

Backplane #1 output to display. 

19 

Vdisp 

Negative rail for display drivers. 

20 

DP 4 /OR 

INPUT: When HI, turns on most 
significant decimal point. 

OUTPUT: Pulled HI when result 
count exceeds ± 19,999. 

21 

DP 3 /UR 

INPUT: Second most significant 
decimal point on when HI. 
OUTPUT: Pulled HI when result 
count is less than ± 1 , 000 . 

22 

LATCH/HOLD 

INPUT: When floating, A/D 
converter operates in the free-run 
mode. When pulled HI, the last 
displayed reading is held. When 
pulled LO, the result counter 
contents are shown incrementing 
during the de-integrate phase of 
cycle. 

OUTPUT: Negative going edge 
occurs when the data latches are 
updated. Can be used for 
converter status signal. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 

Intersil’s ICL7129 is a uniquely designed single-chip A/D 
converter. It features a new “successive integration” tech¬ 
nique to achieve tOjuV resolution on a 200mV full-scale 
range. To achieve this resolution a 10:1 improvement in 
noise performance over previous monolithic CMOS A/D 
converters was accomplished. Previous integrating convert¬ 
ers used an external capacitor to store an offset correction 
voltage. This technique worked well but greatly increased 
the equivalent noise bandwidth of the converter. The 
ICL7129 removes this source of error (noise) by not using 
an auto-zero capacitor. Offsets are cancelled using digital 
techniques instead. Savings in external parts cost are real¬ 
ized as well as improved noise performance and elimination 
of a source of electromagnetic and electrostatic pick-up. 

The overall functional diagram of the ICL7129 is shown In 
Figure 1. The heart of this A/D converter is the sequence 
counter/decoder which drives the control logic and keeps 


track of the many separate phases required for each con¬ 
version cycle. The sequence counter is constantly running 
and is a separate counter from the up/down results counter 
which is activated only when the integrator is de-integrating. 
At the end of a conversion the data remaining in the results 
counter is latched, decoded and multiplexed to the liquid 
crystal display. 

The analog section block diagram shown in Figure 4 in¬ 
cludes all of the analog switches used to configure the volt¬ 
age sources and amplifiers in the different phases of the 
cycle. The input and reference switching schemes are very 
similar to those in other less accurate integrating A/D con¬ 
verters. There are 5 basic configurations used in the full 
conversion cycle. Figure 5 illustrates a typical waveform on 
the Integrator output. INT, INTi, and INT 2 all refer to the 
signal integrate phase where the input voltage is applied to 
the integrator amplifier via the buffer amplifier. In this phase, 
the Integrator ramps over a fixed period of time in a direc¬ 
tion opposite to the polarity of the input voltage. 




INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ZEROINTEQRATE INTi OEi 



0340-5 

Figure 5: Integrator Waveform for Negative Input Voltage Showing Successive Integration Phases and 

Residue Voltage 



0340-6 

Figure 6: Biasing Structure for COMMON and DGND 


DEi, DE 2 , and DE 3 are the de-integrate phases where 
the reference capacitor is switched In series with the buffer 
amplifier and the integrator ramps back down to the level it 


COMMON, DGND, AND “LOW 
BATTERY” 


Started from before Integrating. However, since the de-lnte- 
grate phase can terminate only at a clock pulse transition, 
there is always a small overshoot of the integrator past the 
starting point. The ICL7129 amplifies this overshoot by 10 
and DE 2 begins. Similarly DE 2 ’s overshoot is amplified by 
10 and DE 3 begins. At the end of DE 3 the results counter 
holds a number with 5 y 2 digits of resolution. This was ob¬ 
tained by feeding counts into the results counter at the SVa 
digit level during DEi, into the 41/2 digit level during DE 2 and 
the 5 y 2 digit level for DE 3 . The effects of offset In the buffer, 
integrator, and comparator can now be cancelled by repeat¬ 
ing this entire sequence with the inputs shorted and sub¬ 
tracting the results from the original reading. For this phase 
INT 2 switch is closed to give the same common-mode volt¬ 
age as the measurement cycle. This assures excellent 
CMRR. At the end of the cycle the data in the up/down 
results counter is accurate to 0 . 02 % of full-scale and is sent 
to the display driver for decoding and multiplexing. 


The COMMON and DGND (Digital GrouND) outputs of 
the ICL7129 are generated from internal zener diodes (Fig¬ 
ure 6 ). COMMON is included primarily to set the common¬ 
mode voltage for battery operation or for any system where 
the input signals float with respect to the power supplies. It 
also functions as a pre-regulator for an external precision 
reference voltage source. The voltage between DGND and 
V+ is the supply voltage for the logic section of the 
ICL7129 including the display multiplexer and drivers. Both 
COMMON and DGND are capable of sinking current from 
external loads, but caution should be taken to ensure that 
these outputs are not overloaded. Figure 7 shows the con¬ 
nection of external logic circuitry to the ICL7129. This con¬ 
nection will work providing that the supply current require¬ 
ments of the logic do not exceed the current sink capability 
of the DGND pin. If more supply current is required, the 
buffer in Figure 8 can be used to keep the loading on DGND 
to a minimum. COMMON can source approximately 12jliA 
while DGND has no source capability. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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The “LOW BATTERY” annunciator of the display is 
turned on when the voltage between V+ and V~ drops 
below 7.2V typically. The exact point at which this occurs is 
determined by the 6.3V zener diode and the threshold volt¬ 
age of the n-channel transistor connected to the V“ rail in 
Figure 6. As the supply voltage decreases, the n-channel 
transistor connected to the V-rail eventually turns off and 
the “LOW BATTERY” input to the logic section is pulled 
HIGH, turning on the “LOW BATTERY” annunciator. 



V+ 



V" 


0340-8 

Figure 8: Buffered DGND 


I/O PORTS 

Four pins of the ICL7129 can be used as either inputs or 
outputs. The specific pin numbers and functions are de¬ 
scribed in the Pin Description table (Table 1). If the output 
function of the pin is not desired in an application it can 
easily be overridden by connecting the pin to V+ (HI) or 
DGND (LO). This connection will not damage the device 
because the output impedance of these pins is quite high. A 
simplified schematic of these input/output pins is shown in 
Figure 9. Since there is approximately SOOkfl in series with 
the output driver, the pin (when used as an output) can only 
drive very light loads such as 4000 series, 74CXX type 
CMOS logic, or other high input impedance devices. The 
output drive capability of these four pins is limited to SfxA, 
nominally, and the input switching threshold is typically 
DGND + 2V. 


r 


DP4/0R 

_pPa/UR 

LATCH/HOLD 

CONTINUITY 



0340-9 

Figure 9: “Weak Output” 



LATCH/HOLD, OVERRANGE, AND 
UNDERRANGE TIMING 

The LATCH/HOLD output (pin 22) will be pulled low dur¬ 
ing the last 100 clock cycles of each full conversion cycle. 
During this time the final data from the ICL7129 counter is 
latched and transferred to the di splay de coder and multi¬ 
plexer. The conversion cycle and LATCH/HOLD timing are 
directly related to the clock frequency. A full conversion cy¬ 
cle takes 30,000 clock cycles which is equivalent to 60,000 
oscillator cycles. OverRange (OR pin 20) an UnderRange 
(UR pin 21) outputs are latched on the falling edge of 
LATCH/HOLD and remain in that state until the end of the 
next conversion cycle. In addition, digits 1 through 4 are 
blanked during overrange. All three of these pins are “weak 
outputs” and can be overridden with external drivers or pull- 
up resistors to enable their input functions as described in 
the Pin Description table. 

INSTANT CONTINUITY 

A comparator with a built-in 200mV offset is connected 
directly between INPUT HI and INPUT LO of the ICL7129 
(Figure 10). The CONTINUITY output (pin 27) will be pulled 
high whenever the voltage between the analog Inputs is 
less than 200mV. This will also turn on the “CONTINUITY” 
annunciator on the display. The CONTINUITY output may 
be used to enable an external alarm or buzzer, thereby giv¬ 
ing the ICL7129 an audible continuity checking capability. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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LOW BATTERY CONTINUITY 
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OHM— 

^— BACKPUNE 
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Figure 13: Multimeter Example Showing Use of Annunciator Drive Output 


Since the CONTINUITY output is one of the four “weak out¬ 
puts” of the ICL7129, the “continuity” annunciator on the 
display can be driven by an external source if desired. The 
continuity function can be overridden with a pull-down resis¬ 
tor connected between CONTINUITY pin and DGND (pin 
36). 

DISPLAY CONFIGURATION 

The ICL7129 is designed to drive a triplexed liquid crystal 
display. This type of display has three backplanes and is 
driven in a multiplexed format similar to the ICM7231 dis¬ 
play driver family. The specific display format is shown in 
Figure 11. Notice that the polarity sign, decimal points, 
“LOW BATTERY”, and “CONTINUITY” annunciators are 
directly driven by the ICL7129. The individual segments and 
annunciators are addressed in a manner similar to row-col¬ 
umn addressing. Each backplane (row) is connected to one- 
third of the total number of segments. BP1 has all F, A, and 
B segments of the four least significant digits. BP2 has ail of 


the C, E, and G segments. BP3 has all D segments, decimal 
points, and annunciators. The segment lines (columns) are 
connected in groups of three bringing all segments of the 
display out on just 12 lines. 

ANNUNCIATOR DRIVE 

A special display driver output is provided on the ICL7129 
which is intended to drive various kinds of annunciators on 
custom multiplexed liquid crystal displays. The ANNUNCIA¬ 
TOR DRIVE output (pin 3) is a squarewave signal running at 
the backplane frequency, approximately 100Hz. This signal 
swings from Vpisp to V + and is in sync with the three back¬ 
plane outputs BP1, BP2, and BP3. Figure 12 shows these 
four outputs on the same time and voltage scales. 

Any annunciator associated with any of the three back¬ 
planes can be turned on simply by connecting It to the AN¬ 
NUNCIATOR DRIVE pin. To turn an annunciator off con¬ 
nect it to its backplane. An example of a display and annun¬ 
ciator drive scheme is shown in Figure 13. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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Figure 14: Two Methods for Temperature Compensating the Liquid Crystai Display 


DISPLAY TEMPERATURE 
COMPENSATION 

For most applications an adequate dispiay can be ob¬ 
tained by connecting Vqisp (pin 19) to DGND (pin 36). In 
applications where a wide temperature range is encoun¬ 
tered, the voltage drive levels for some triplexed liquid crys¬ 
tal displays may need to vary with temperature In order to 
maintain good display contrast and viewing angle. The 
amount of temperature compensation will depend upon the 
type of liquid crystal used. Display manufacturers can sup¬ 
ply the temperature compensation requirements for their 
displays. Figure 14 shows two circuits that can be adjusted 
to give a temperature compensation of ~ +10mV/‘’C be¬ 
tween V+ and Vdisp- The diode between DGND and Vqjsp 
should have a low turn-on voltage to assure that no forward 
current is injected Into the chip if Vqisp is more negative 
than DGND. 

COMPONENT SELECTION 

There are only three passive components around the 
ICL7129 that need special consideration in selection. They 
are the reference capacitor, integrator resistor, and integra¬ 
tor capacitor. There is no auto-zero capacitor like that found 
in earlier Integrating A/D converter designs. 

The integrating resistor is selected to be high enough to 
assure good current linearity from the buffer amplifier and 
integrator and low enough that PC board leakage is not a 
problem. A value of 150kft should be optimum for most 
applications. The integrator capacitor is selected to give an 


optimum integrator swing at full-scale. A large integrator 
swing will reduce the effect of noise sources in the compar¬ 
ator but will affect rollover error if the swing gets too close 
to the positive rail (~0.7V). This gives an optimum swing of 
~ 2.5V at full-scale. For a 150kll integrating resistor and 2 
conversions per second the value is O.IOjuF. For different 
conversion rates, the value will change in inverse propor¬ 
tion. A second requirement for good linearity is that the ca¬ 
pacitor have low dielectric absorption. Polypropylene caps 
give good performance at a reasonable price. Finally the foil 
side of the cap should be connected to the integrator output 
to shield against pick-up. 

The only requirement for the reference cap Is that it be 
low leakage. In order to reduce the effects of stray capaci¬ 
tance, a 1 .OjliF value is recommended. 

CLOCK OSCILLATOR 

The ICL7129 achieves its digital range changing by inte¬ 
grating the input signal for 1000 clock pulses (2,000 oscilla¬ 
tor cycles) on the 2V scale and 10,000 clock pulses on the 
200mV scale. To achieve complete rejection of 60Hz on 
both scales, an oscillator frequency of 120kHz is required, 
giving two conversions per second. 

in low resolution applications, where the converter uses 
only SVa digits and lOOjuV resolution, an R-C type oscillator 
is adequate. In this application a C of 51 pF is recommended 
and the resistor value selected from fosc=0-45/RC. How¬ 
ever, when the converter is used to its full potential ( 41/2 
digits and lOjutV resolution) a crystal oscillator is recom- 
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mended to prevent the noise from increasing as the input 
signal is increased due to frequency jitter of the R-C oscilla¬ 
tor. Both R-C and crystal oscillator circuits are shown in 
Figure 15. 



POWERING THE ICL7129 

The ICL7129 may be operated as a battery powered 
hand-held instrument or integrated into larger systems that 
have more sophisticated power supplies. Figures 16, 17, 
and 18 show various powering modes that may be used 
with the ICL7129. 

The standard supply connection using a 9V battery is 
shown in Figure 3. 

The power connection for systems with +5V and -5V 
supplies available is shown in Figure 16. Notice that mea¬ 
surements are with respect to ground. COMMON is also 
tied to INLO to remove any common-mode voltage swing 
on the integrator amplifier inputs. 

It is important to notice that in Figure 16, digital ground of 
the ICL7129 (DGND pin 36) is not directly connected to 
power supply ground. DGND is set internally to approxi¬ 
mately 5V less than the V + terminal and is not intended to 
be used as a power input pin. It may be used as the ground 
reference for external logic, as shown in Figure 7 and 8. In 
Figure 7, DGND is used as the negative supply rail for exter¬ 
nal logic provided that the supply current for the external 
logic does not cause excessive loading on DGND. The 
DGND output can be buffered as shown in Figure 8. Here, 
the logic supply current Is shunted away from the ICL7129 
keeping the load on DGND low. This treatment of the 
DGND output is necessary to insure compatibility when the 
external logic is used to interface directly with the logic in¬ 
puts and outputs of the ICL7129. 


+5V 



0340-16 

Figure 16: Powering the ICL7129 from + 5V and 
- 5V Power Supplies 


When a battery voltage between 3.8V and 7V is desired 
for operation, a voltage doubling circuit should be used to 
bring the voltage on the ICL7129 up to a level within the 
power supply voltage range. This operating mode is shown 
in Figure 17. 
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Again measurements are made with respect to COMMON 
since the entire system is floating. Voltage doubling is ac¬ 
complished by using an ICL7660 CMOS voltage converter 
and two inexpensive electrolytic capacitors. The same prin¬ 
ciple applies in Figure 18 where the ICL7129 is being used 
in a system with only a single +5V power supply. Here 
measurements are made with respect to power supply 
ground. 

A single polarity power supply can be used to power the 
ICL7129 in applications where battery operation is not ap¬ 
propriate or convenient only if the power supply is isolated 
from system ground. Measurements must be made with re¬ 
spect to COMMON or some other voltage within its input 
common-mode range. 


VOLTAGE REFERENCES 

The COMMON output of the ICL7129 has a temperature 
coefficient of ±80ppm/“C typically. This voltage Is only suit¬ 
able as a reference voltage for applications where ambient 
temperature variations are expected to be minimal. When 
the ICL7129 is used in most environments, other voltage 
references should be considered. The diagram in Figures 3 
and 18 show the ICL8069 1.2V band-gap voltage source 
used as the reference for the ICL7129, and the COMMON 
output as Its pre-regulator. The reference voltage for the 
ICL7129 is set to 1.000V for both 2V and 200mV full-scale 
operation. 
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ICL7136 

3y2-Digit LCD Low Power 
A/D Converter 



GENERAL DESCRIPTION 

The Intersil ICL7136 is a high performance, very low pow¬ 
er 3 y 2 -digit A/D converter. All the necessary active devices 
are contained on a single CMOS IC, including seven-seg¬ 
ment decoders, display drivers, reference, and clock. The 
7136 is designed to interface with a liquid crystal display 
(LCD) and includes a backplane drive. The supply current is 
under lOOjmA, ideally suited for 9V battery operation. 

The 7136 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. High accu¬ 
racy, like auto-zero to less than lOjaV, zero drift of less than 
IjuV/X, input bias current of lOpA max., and rollover error 
of less than one count. The versatility of true differential 
input and reference is useful in all systems, but gives the 
designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducers. And 
finally the true economy of single power supply operation 
allows a high performance panel meter to be built with the 
addition of only 7 passive components and a display. 

The ICL7136 is an improved version of the ICL7126, elim¬ 
inating the overrange hangover and hysteresis effects, and 
should be used in its place in all applications. It can also be 
used as a plug-in replacement for the ICL7106 in a wide 
variety of applications, changing only the passive compo¬ 
nents. 


FEATURES 

• First-Reading Recovery From Overrange Gives 
Immediate “OHMS” Measurement 

• Guaranteed Zero Reading for OV Input 

• True Polarity at Zero for Precise Null Detection 

• IpA Typical Input Current 

• True Differential Input and Reference 

• Direct LCD Display Drive — No External Components 
Required 

• Pin Compatible With The ICL7106, ICL7126 

• Low Noise — 15jaVp-p Without Hysteresis or 
Overrange Hangover 

• On-Chip Clock and Reference 

• Low Power Dissipation, Guaranteed Less Than 
ImW —Gives 8,000 Hours Typical 9V Battery Life 

• No Additional Active Circuits Required 

• Evaluation Kit Available (ICL7136EV/Kit) 

ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

ICL7136CM44 

0 °Cto +70°C 

44-Pin Surface Mount 

ICL7136CPL 

0°Cto +70'’C 

40-Pin Plastic DIP 

ICL7136RCPL 

0 °C to + 70°C 

40-Pin Plastic DIP 

ICL7136EV/KIT 


EVALUATION KIT 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+ toV”) .15V 

Analog Input Voltage (either input)(Note 1) .V+ to V- 

Reference Input Voltage (either input) .V+ to V- 

Clock Input.TEST to V+ 


Power Dissipation (Note 2) 

Ceramic Package .lOOOmW 

Plastic Package.SOOmW 

Operating Temperature.0“Cto +70®C 

Storage Temperature .-65“C to +150“C 

Lead Temperature (Soldering, lOsec) .SOO^C 


Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to ± lOOjuA. 
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operationai sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reiiabiiity. 



Figure 2: Functional Diagram 0343-3 


ELECTRICAL CHARACTERISTICS (Notes 3 ,7) 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Zero Input Reading 

V|N = 0.0V 

Full-Scale=200.0mV 

-000.0 

±000.0 

+ 000.0 

Digital Reading 

Ratiometric Reading 

V|n = Vref, VREF=100mV 

999 

999/1000 

1000 


Roll-Over Error (Difference in 
reading for equal positive and 
negative reading near full-scale) 

-V|fsj=+V|N = 200.0mV 

-1 

±0.2 

+ 1 


Linearity (Max. deviation from 
best straight line fit) 

Full-scale=200mV 
or Full-Scale=2.000V 

-1 

±0.02 

+ 1 


Common-Mode Rejection Ratio 
(Note 4) 

VcM=±1V,V|N = 0V 

Full-Scale=200.0mV 


50 



Noise (Pk-Pk value not exceeded 

95% of time) 

V|N = 0V, Full Scale=200.0mV 


15 


(xV 

Leakage Current @ Input 

< 

z 

II 

0 

< 


1 

10 

pA 
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ELECTRICAL CHARACTERISTICS (Notes 3,7) (Continued) 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Zero Reading Drift 

V|N = OV. O^C<Ta< + 70“C 


0.2 

1 

jaV/“C 

Scale Factor Temperature 

Coefficient 

V|N = 199.0mV. 0 ‘*C<Ta< + 70‘’C 
(Ext. Ref. Oppm/“C) 


■ 



Supply Current (Does not 
include COMMON current) 

V||M = 0V (Notes) 



100 

jjlA 

Analog COMMON Voltage (With 
respect to positive supply) 

250kft between Common and 
Positive Supply 

B 

2.8 

3.2 

V 

Temp. Coeff. of Analog COMMON 
(With respect to positive supply) 

250k(l between Common and 
Positive Supply 




ppm/®C 

Pk-Pk Segment Drive Voltage 
(Note 5) 

V+ toV- = 9V 

4 

B 


V 

Pk-Pk Backplane Drive Voltage 
(Note 5) 

V+ toV- = 9V 

4 

B 



Power Dissipation Capacitance 

vs Clock Frequency 


40 


PF 


NOTES: 3. Unless otherwise noted, specifications apply at Ta= 25°C, fciock=16l(Hz and are tested in the circuit of Figure 4. 

4. Refer to “Differential Input” discussion. 

5. Backplane drive is in phase with segment drive for “off” segment, 180“ out of phase for “on” segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mV. 

6. 48kHz oscillator. Figure 5, increases current by 20fjiA (typ). 

7. Extra capacitance of CERDIP package changes oscillator resistor value to 470kn or ISOkH (1 reading/sec or 3 readings/sec). 

TEST CIRCUITS 
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DETAILED DESCRIPTION 
(Analog Section) 

Figure 2 shows the Functional Diagram of the Analog 
Section for the ICL7136. Each measurement cycle is divid¬ 
ed into four phases. They are 1) auto-zero (A-Z), 2) signal 
integrate (INT), 3) de-integrate (DE) and 4) zero integrator 
(Zl). 

AUTO-ZERO PHASE 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capaci¬ 
tor, Caz. to compensate for offset voltages in the buffer 
amplifier, integrator, and comparator. Since the comparator 
is included in the loop, the A-Z accuracy is limited only by 
the noise of the system. In any case, the offset referred to 
the input is less than 10jaV. 

SIGNAL INTEGRATE PHASE 
During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common-mode range; within 1V of either supply. If, on 
the other hand, the input signal has no return with respect 
to the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 

DE-INTEGRATE PHASE 

The next phase is de-integrate, or reference integrate. In¬ 
put low is internally connected to analog COMMON and in¬ 
put high is connected across the previously charged refer¬ 
ence capacitor. Circuitry within the chip ensures that the 


capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re¬ 
quired for the output to return to zero is proportional to the 
input signal. Specifically, the digital reading displayed is 
1000 (V|n/Vref)- 

ZERO INTEGRATOR PHASE 

The final phase is zero integrator. First, input low is short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Finally, a feedback loop is 
closed around the system to input high to cause the integra¬ 
tor output to return to zero. Under normal conditions, this 
phase lasts for between 11 to 140 clock pulses, but after a 
“heavy” overrange conversion, it is extended to 740 clock 
pulses. 

Differential Input 

The input can accept differential voltages anywhere with¬ 
in the common-mode range of the input amplifier; or specifi¬ 
cally from 0.5V below the positive supply to 1 .OV above the 
negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to as¬ 
sure the integrator output does not saturate. A worst case 
condition would be a large positive common-mode voltage 
with a near full-scale negative differential input voltage. The 
negative input signal drives the integrator positive when 
most of its swing has been used up by the positive com¬ 
mon-mode voltage. For these critical applications the inte¬ 
grator swing can be reduced to less than the recommended 
2V full-scale swing with little loss of accuracy. The integra¬ 
tor output can swing within 0.3V of either supply without 
loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common-mode error is a roll-over voltage caused by the 
reference capacitance losing or gaining charge to stray ca¬ 
pacity on its nodes. If there is a large common-mode volt¬ 
age, the reference capacitor can gain charge (increase volt¬ 
age) when called up to de-integrate a positive signal but 
lose charge (decrease voltage) when called up to de-inte¬ 
grate a negative input signal. This difference in reference for 
(+) or (-) input voltage will give a roll-over error. However, 
by selecting the reference capacitor large enough in com¬ 
parison to the stray capacitance, this error can be held to 
less than 0.5 count for the worst case condition (see Com¬ 
ponent Values Selection). 

Analog Common 

This pin is included primarily to set the common-mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 3.0V 
more negative than the positive supply. This is selected to 
give a minimum end-of-life battery voltage of about 6V. 
However, analog COMMON has some of the attributes of a 
reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7V), the COM¬ 
MON voltage will have a low voltage coefficient (0.001 %/ 
%), low output impedance { = 35^l), and a temperature co¬ 
efficient typically less than 150ppm/°C. 
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(a) 



(b) 


1.2 VOLT 
REFERENCE 
(INTERSIL 
ICL8069) 


0343-7 

Figure 6: Using an Externai Reference 


0343-8 


The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coefficient 
(TC) can cause some degradation in performance. Temper¬ 
ature changes of 2°C to 8“C, typical for instruments, can 
give a scale factor error of a count or more. Also, the COM¬ 
MON voltage will have a poor voltage coefficient when the 
total supply voltage is less than that which wiil cause the 
zener to regulate (<7V). These problems are eliminated if 
an external reference is used, as shown in Figure 6. 

Analog COMMON Is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common-mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for In¬ 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common-mode volt¬ 
age from the converter. The same holds true for the refer¬ 
ence voltage. If the reference can be conveniently referred 
to analog COMMON, it should be since this removes the 
common-mode voltage from the reference system. 

Within the 1C, analog COMMON is tied to an N channel 
FET which can sink 3mA or more of current to hold the 
voltage 3.0V below the positive supply (when a load is trying 
to pull the common line positive). However, there is only 
1 fxA of source current, so COMMON may easily be tied to a 
more negative voltage, thus overriding the internal refer¬ 
ence. 


TEST 

The TEST pin serves two functions. It is coupled to the 
Internally generated digital supply through a 500n resistor. 
Thus, it can be used as the negative supply for external 
segment drivers such as for decimal points or any other 
presentation the user may want to include on the LCD dis¬ 
play. Figures 7 and 8 show such an application. No more 
than a 1 mA load should be applied. 

The second function is a “lamp test.” When TEST is 
pulled high (to V+) all segments will be turned on and the 
display should read -1888. The TEST pin will sink about 
10mA under these conditions. 


Caution: in the iamp test mode, the segments have a 
constant DC voltage (no square-wave). This may burn 
the LCD display if maintained for extended periods. 



DETAILED DESCRIPTION 
(Digital Section) 

Figure 9 shows the digital section for the 7136. An inter¬ 
nal digital ground is generated from a 6V Zener diode and a 
large P channel source follower. This supply is made stiff to 
absorb the relatively large capacitive currents when the 
backplane (BP) voltage is switched. The BP frequency is 
the clock frequency divided by 800. For three readings/sec¬ 
ond this is a 60Hz square-wave with a nominal amplitude of 
5V. The segments are driven at the same frequency and 



0343-9 

Figure 7: Simple Inverter for Fixed 
Decimal Point 
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amplitude and are in phase with BP when OFF, but out of 
phase when ON. In all cases negligible DC voltage exists 
across the segments. The polarity indication is “ON” for 
negative analog inputs. If IN LO and IN HI are reversed, this 
indication can be reversed also, if desired. 

System Timing 

Figure 10 shows the clock oscillator provided in the 7136. 
Three basic clocking arrangements can be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
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four convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 counts to 2000 counts), 
zero integrator (11 counts to 140 counts*) and auto-zero 
(910 counts to 2900 counts). For signals less than full- 
scale, auto-zero gets the unused portion of reference de-in¬ 
tegrate and zero integrator. This makes a complete mea¬ 
sure cycle of 4000 (16,000 clock pulses) independent of 
input voltage. For three readings/second, an oscillator fre¬ 
quency of 48kHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of the 60Hz period. Os¬ 
cillator frequencies of 60kHz, 48kHz, 40kHz, SSVakHz, etc. 
should be selected. For 50Hz rejection, oscillator frequen¬ 
cies of OOyakHz, 50kHz, 40kHz, etc. would be suitable. Note 
that 40kHz (2.5 readings/second) will reject both 50Hz and 
60Hz (also 400Hz and 440Hz). See also A052. 

COMPONENT VALUE SELECTION 

(See also A052) 

Integrating Resistor 

Both the buffer amplifier and the Integrator have a class A 
output stage with 6jaA of quiescent current. They can sup¬ 
ply ~ 1 /xA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2V full-scale, 1.8Mn is near optimum, 
and similarly 180kft for a 200.0mV scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3V from either 
supply). When the analog COMMON is used as a reference, 
a nominal ±2V full-scale integrator swing is fine. For three 
readings/second (48kHz clock) nominal values for C|nt are 
0.047 jllF, for 1 reading/second (16kHz) 0.15jaF. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. 

The integrating capacitor should have low dielectric ab¬ 
sorption to prevent roll-over errors. While other types may 
be adequate for this application, polypropylene capacitors 
give undetectable errors at reasonable cost. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full-scale where 
noise is very important, a 0.47jaF capacitor is recommend¬ 
ed. The Zl phase allows a large auto-zero capacitor to be 
used without causing the hysteresis or overrange hangover 
problems that can occur with the ICL7126 or ICL7106 (see 
A032). 

Reference Capacitor 

A O.IjixF capacitor gives good results in most applica¬ 
tions. However, where a large common-mode voltage exists 
(i.e., the REF LO pin is not at analog COMMON) and a 
200mV scale is used, a larger value is required to prevent 
roll-over error. Generally, I.OjaF will hold the roll-over error 
to 0.5 count in this instance. 

*After an overranged conversion of more than 2060 counts, the zero inte¬ 
grator phase will last 740 counts, and auto-zero will last 260 counts. 


Oscillator Components 

For all ranges of frequency a 50pF capacitor is recom¬ 
mended and the resistor is selected from the approximate 
equation f~0.45/RC. For 48kHz clock (3 readings/sec¬ 
ond), R=180kfl, for 16kHz, R = 560ka 

Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is Vin = 2Vref. Thus, for the 200.0mV and 
2.000V scale, Vref should equal lOO.OmV and 1.000V, re¬ 
spectively. However, in many applications where the A/D is 
connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full-scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0mV, the designer should use the input voltage di¬ 
rectly and select Vref =0.341V. A suitable value for the 
integrating resistor would be 330kft. This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input. Another advantage of this system oc¬ 
curs when a digital reading of zero is desired for V|n#0 . 
Temperature and weighing systems with a variable tare are 
examples. This offset reading can be conveniently generat¬ 
ed by connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage between 
COMMON and IN LO. 

TYPICAL APPLICATIONS 

The 7136 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 



Reference 

Values shown are for 200.0mV full-scale, 
3 readIngs/sec, floating supply voltage 
(9V battery). 
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Band-Gap Reference (1.2V Type) 

IN LO is tied to COMMON, thus establishing the 
correct common-mode voitage. COMMON acts 
as a pre-regulator for the reference. Values 
shown are for 1 reading/sec. 



Figure 13: Recommended Component 
Vaiues for 2.000V Full-Scale, 

3 Readings/Sec 


For 1 reading/sec, change C|nT’ ^osc to vaiues 
of Figure 12. 



Reference 

Since low TC zeners have breakdown voltages 
~ 6.8V, diode must be piaced across the total 
supply (10V). As in the case of Figure 13, IN LO 
may be tied to COMMON. 



Single + 5V Supply 

An external reference must be used in this 
application, since the voltage between V+ and 
V~ is insufficient for correct operation of the 
internal reference. 


* Values depend on clock frequency. See Figures 11, 12,13, 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
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0343-18 

Figure 16:7136 Measuring Ratiometric Values of Quad Load Cell 
The resistor values within the bridge are determined by the desired sensitivity. 



0343-19 

Figure 17:7136 used as a Digital Centigrade Thermometer 

A silicon diode-connected transistor has a temperature coefficient of about -2mV/°C. Calibration is 
achieved by placing the sensing transistor in ice water and adjusting the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in boiling water and the scale-factor potentiometer adjusted for 
a 100.0 reading. See ICL8073^ and AD590 data sheets for alternative circuits. 
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or 74C10 CO4077 
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Figure 18: Circuit for Developing Underrange and Overrange Signals from 7136 Outputs 



Figure 19: AC to DC Converter with 7136 

Test is used as a common-mode reference level to ensure compatibility with most op amps. 
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APPLICATION NOTES 

A016 “Selecting A/D Converters,” by David Fullagar. 

A017 “The Integrating A/D Converter,” by Lee Evans. 

A018 “Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A023 “Low Cost Digital Panel Meter Designs,” by David 
Fullagar and Michael Dufort. 

A032 “Understanding the Auto-Zero and Common-Mode 
Behavior of the ICL7106/7/9 Family,” by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with the ICL7106,” by Larry Goff. 

A047 “Games People Play with Intersil’s A/D 
Converters,” edited by Peter Bradshaw. 

A052 “Tips for Using Single-Chip SVa-Digit A/D Convert¬ 
ers,” by Dan Watson. 



7136 EVALUATION KIT 

After purchasing a sample of the 7136, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 

To facilitate evaluation of this unique circuit, Intersil is of¬ 
fering a kit which contains all the necessary components to 
build a 3y2-digit panel meter. With the ICL7136EV/Kit and 
the small number of additional components required, an en¬ 
gineer or technician can have the system “up and running” 
in about half an hour. The kit contains a circuit board, a 
display (LCD), passive components, and miscellaneous 
hardware. 
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3V2~*Digit LED Low Power 
Single-Chip A/D Converter 

GENERAL DESCRIPTION 

The Intersil ICL7137 is a high performance, very low pow¬ 
er SVa-digit A/D converter. All the necessary active devices 
are contained on a single CMOS IC, including seven-seg¬ 
ment decoders, display drivers, reference, and clock. The 
7137 is designed to interface with a light emitting diode 
(LED) display. The supply current (exclusive of display) is 
under 200jLiA, ideally suited for battery operation. 

The 7137 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. The device 
features auto-zero to less than 1 OjliV, zero drift of less than 
1juLV/°C, input bias current of lOpA max., and rollover error 
of less than one count. The versatility of true differential 
input and reference is useful in all systems, but gives the 
designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducers. And 
finally the true economy of the ICL7137 allows a high per¬ 
formance panel meter to be built with the addition of only 10 
passive components and a display. 

The ICL7137 is an improved version of the ICL7107, elim¬ 
inating the overrange hangover and hysteresis effects, and 
should be used in its place in all applications, changing only 
the passive component values. 

ORDERING INFORMATION* 



FEATURES 

• First-Reading Recovery From Overrange allows 
Immediate “OHMS” Measurement 

• Guaranteed Zero Reading for OV input 

• True Polarity at Zero for Precise Null Detection 

• 1pA Typical Input Current 

• True Differential Input and Reference 

• Direct LED Display Drive — No External Components 
Required 

• Pin Compatible With The ICL7107 

• Low Noise — ISjutVp-p Without Hysteresis or 
Overrange Hangover 

• On-Chip Clock and Reference 

• Improved Rejection of Voltage On COMMON Pin 

• No Additional Active Circuits Required 

• Evaluation Kit Available ICL7137EV/Kit 


Part Number 

Temperature Range 

Package 

ICL7137CPL 

O^C to + 70*0 

40-Pin Plastic 

ICL7137RCPL 

0°Cto +70^0 

40-Pin Plastic 

ICL7137EV/KIT 


EVALUATION KIT 



INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 3Q-| 669-002 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage V+ .+6V 

V- .-9V 

Analog Input Voltage (either input)(Note 1) .V+ to V“ 

Reference Input Voltage (either input) .V+ to V" 

Clock Input .GND to V+ 



Power Dissipation (Note 2) 

Ceramic Package .lOOOmW 

Plastic Package. 800mW 

Operating Temperature.O^Cto +70®C 

Storage Temperature .-es^C to +1 SO^C 

Lead Temperature (Soldering, 10sec) . 300®C 


Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to ± IOOjliA. 

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absoiute 
maximum rating conditions for extended periods may affect device reiiabiiity. 


ELECTRICAL CHARACTERISTICS (Notes) 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Zero Input Reading 


-000.0 

±000.0 

+ 000.0 

Digital Reading 

Ratiometric Reading 

V|N = Vref. Vref= 100mV 

998 

999/1000 

1000 

Digital Reading 

Roll-Over Error (Difference in 
reading for equal positive and 
negative reading near full-scale) 

-V|N=+V|N = 200.0mV 

-1 

±0.2 

+ 1 

Counts 

Linearity (Max. deviation from 
best straight line fit) 

Full-scale=200mV 
orTull-Scale=2.000V 

■ 




Common-Mode Rejection Ratio 
(Note 4) 

VcM=±1V.V,N = 0V 

Full-Scale=200.0mV 



III 


Noise (Pk-Pk value not exceeded 

95% of time) 

V|N = 0V, Full-Scale=200.0mV 




IXV 

Leakage Current @ Input 

V,N = 0V 


1 

10 

pA 

Zero Reading Drift 

V|n = 0V,0*C<Ta<+70“C 


0.2 

1 


Scale Factor Temperature 

Coefficient 

V|N = 199.0mV, 0"C < Ta < + 70“C 
(Ext. Ref. Oppm/^C) 


1 



V+Supply Current (Does not 

Include LED current) 

V|N = 0V (Note 5) 


70 


|ulA 

V“ Supply current 



40 


Analog COMMON Voltage (With 
respect to positive supply) 

250kn between Common and 
Positive Supply 

H 


3.2 

V 

Temp. Coeff. of Analog COMMON 
(With respect to positive supply) 

250kft between Common and 
Positive Supply 


150 


ppm/“C 

Segment Sinking Current 
(Except Pins 19 & 20) 

(Pin 19 only) 

(Pin 20 only) 

V+=5.0V 

Segment Voltage=3V 

5 

10 

4 

8.0 

16 

7 


mA 

Power Dissipation Capacitance 

vs. Clock Frequency 


40 


PF 


NOTES: 3. Unless otherwise noted, specifications apply at Ta=25‘’C, fciock~t6kHz and are tested in the circuit of Figure 4. 

4. Refer to “Differential Input” discussion. 

5. 48kHz oscillator. Figure 5, increases current by 35jaA (typ). 

6. Extra capacitance of CERDIP package changes oscillator resistor value to 470krt or 150kn (1 reading/sec or 3 readings/sec). 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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TEST CIRCUITS 




DETAILED DESCRIPTION 
(Analog Section) 

Figure 1 shows the Functional Diagram of the Analog 
Section for the ICL7137. Each measurement cycle is divid¬ 
ed into four phases. They are 1) auto-zero (A-Z), 2) signal 
integrate (INT), 3) de-integrate (DE) and 4) zero-integrator 
(Zl). 

AUTO-ZERO PHASE 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capaci¬ 
tor, Cazi to compensate for offset voltages in the buffer 
amplifier, integrator, and comparator. Since the comparator 
is included in the loop, the A-Z accuracy is limited only by 
the noise of the system. In any case, the offset referred to 
the input is less than 10jaV. 

SIGNAL INTEGRATE PHASE 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common-mode range; within 1V of either supply. If, on 
the other hand, the input signal has no return with respect 
to the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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DE-INTEGRATE PHASE 

The next phase is de-integrate, or reference integrate. In¬ 
put low is internally connected to analog COMMON and in¬ 
put high is connected across the previously charged refer¬ 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re¬ 
quired for the output to return to zero is proportional to the 
input signal. Specifically; the digital reading displayed is 
1000(V|n/Vref)- 

ZERO INTEGRATOR PHASE 

The final phase is zero integrator. First, input low is short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Finally, a feedback loop is 
closed around the system to input high to cause the integra¬ 
tor output to return to zero. Under normal conditions, this 
phase lasts for between 11 to 140 clock pulses, but after a 
“heavy” overrange conversion, it is extended to 740 clock 
pulses. 

Differential Input 

The input can accept differential voltages anywhere with¬ 
in the common-mode range of the Input amplifier; or specifi¬ 
cally from 0.5V below the positive supply to 1 .OV above the 
negative supply. In this range the system has a CMRR of 
90dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to as¬ 
sure the integrator output does not saturate. A worst case 
condition would be a large positive common-mode voltage 
with a near full-scale negative differential input voltage. The 
negative input signal drives the integrator positive when 
most of its swing has been used up by the positive com¬ 
mon-mode voltage. For these critical applications the inte¬ 
grator swing can be reduced to less than the recommended 
2V full-scale swing with little loss of accuracy. The integra¬ 
tor output can swing within 0.3V of either supply without 
loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common-mode error is a roll-over voltage caused by the 
reference capacitance losing or gaining charge to stray ca¬ 
pacity on its nodes. If there is a large common-mode volt¬ 
age, the reference capacitor can gain charge (increase volt¬ 
age) when called up to de-integrate a positive signal but 
lose charge (decrease voltage) when called up to de-inte¬ 
grate a negative input signal. This difference in reference for 
(+) or (-) input voltage will give a roll-over error. However, 
by selecting the reference capacitor large enough in com¬ 
parison to the stray capacitance, this error can be held to 
less than 0.5 count for the worst case condition (see Com¬ 
ponent Value Selection). 

Analog Common 

This pin is included primarily to set the common-mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 3.0V 
more negative than the positive supply. This is selected to 
give a minimum end-of-life battery voltage of about 6V. 


^DMuli^DIL 


However, analog COMMON has some of the attributes of a 
reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7V), the COM¬ 
MON voltage will have a low voltage coefficient (0.001 %/ 
%), low output impedance( = 3511), and a temperature coef¬ 
ficient typically less than 150ppm/°C. 

The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coefficient 
(TC) can cause some degradation in performance. Temper¬ 
ature changes of 2“C to S^C, typical for instruments, can 
give a scale factor error of a count or more. Also, the COM¬ 
MON voltage will have a poor voltage coefficient when the 
total supply voltage is less than that which will cause the 
zener to regulate (<7V). These problems are eliminated if 
an external reference is used, as shown in Figure 6. 



0344-6 


V+ 



(b) 


0344-7 

Figure 6: Using an Externai Reference 


Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common-mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in¬ 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common-mode volt¬ 
age from the converter. The same holds true for the refer¬ 
ence voltage. If the reference can be conveniently referred 
to analog COMMON, it should be since this removes the 
common-mode voltage from the reference system. 
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Within the 1C, analog COMMON Is tied to an N channel 
FET which can sink lOOjaA or more of current to hold the 
voltage 3.0V below the positive supply (when a load Is trying 
to pull the common line positive). However, there is only 
1 1 XA of source current, so COMMON may easily be tied to a 
more negative voltage, thus overriding the internal refer¬ 
ence. 


TEST 

The TEST pin is coupled to the internal digital supply 
through a 500n resistor, and functions as a “lamp test.” 
When TEST is pulled high (to V+) all segments will be 
turned on and the display should read — 1888. The TEST 
pin will sink about 10mA under these conditions. 


DISPLAY FONT 



0344-8 

Figure 7: Digital Section 



0344-9 

Figure 8: Display Buffering for 
Increased Drive Current 


DETAILED DESCRIPTION 
(Digital Section) 

Figure 7 shows the digital section for the 7137. The seg¬ 
ments are driven at 8mA, suitable for instrument size com¬ 
mon anode LED displays. Since the 1000 output (pin 19) 
must sink current from two LED segments, it has twice the 
drive capability or 16mA. The polarity indication is “ON” for 
negative analog inputs. If IN LO and IN HI are reversed, this 
indication can be reversed also, if desired. 

Figure 8 shows a method of increasing the output drive 
current, using four DM7407 Hex Buffers. Each buffer is ca¬ 
pable of sinking 40mA. 
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System Timing 

Figure 9 shows the clock oscillator provided in the 7137. 
Three basic clocking arrangements can be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 



0344-10 

Figure 9: Clock Circuits 


The oscillator frequency Is divided by four before it clocks 
the decade counters. It is then further divided to form the 
four convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 counts to 2000 counts), 
zero integrator (11 counts to 140 counts*) and auto-zero 
(910 counts to 2900 counts). For signals less than full- 
scale, auto-zero gets the unused portion of reference de-in- 
tegrate and zero integrator. This makes a complete mea¬ 
sure cycle of 4000 (16,000 clock pulses) independent of 
input voltage. For three readings/second, an oscillator fre¬ 
quency of 48kHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of the 60Hz period. Os¬ 
cillator frequencies of 60kHz, 48kHz, 40kHz, 33y3kHz, etc. 
should be selected. For 50Hz rejection, oscillator frequen¬ 
cies of oeyakHz, 50kHz, 40kHz, etc. would be suitable. Note 
that 40kHz (2.5 readings/second) will reject both 50Hz and 
60Hz (also 400Hz and 440Hz.) See also A052. 

*After an overranged conversion of more than 2060 counts, the zero inte¬ 
grator phase will last 740 counts, and auto-zero will last 260 counts. 

COMPONENT VALUE SELECTION 

(See Application Note A052) 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 6 jliA of quiescent current. They can sup¬ 
ply ~ 1 jaA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2V full-scale, 1.8Mfl is near optimum, 
and similarly 180kn for a 200.0mV scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3V from either 


supply). When the analog COMMON is used as a reference, 
a nominal ± 2V full-scale integrator swing is fine. For three 
readings/second (48kHz clock) nominal values for C|nt are 
0.047jaF, for 1 reading/second (16kHz) 0.15 jliF. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. 

The integrating capacitor should have low dielectric ab¬ 
sorption to prevent roll-over errors. While other types may 
be adequate for this application, polypropylene capacitors 
give undetectable errors at reasonable cost. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full-scale where 
noise is very important, a 0.47juiF capacitor is recommend¬ 
ed. The Zl phase allows a large auto-zero capacitor to be 
used without causing the hysteresis or overrange hangover 
problems that can occur with the ICL7107 or ICL7117 (See 
Application Note A032). 

Reference Capacitor 

A O.IjixF capacitor gives good results in most applica¬ 
tions. However, where a large common-mode voltage exists 
(i.e., the REF LO pin is not at analog COMMON) and a 
200mV scale is used, a larger value is required to prevent 
roll-over error. Generally, I.OjaF will hold the roll-over error 
to 0.5 count in this instance. 

Osciiiator Components 

For ail ranges of frequency a 50pF capacitor is recom¬ 
mended and the resistor is selected from the approximate 
equation f ^ 0.45/RC. For 48kHz clock (3 readings/sec¬ 
ond), R = 180kn, while for 16kHz (1 reading/sec), 
R = 560kn. 

Reference Voitage 

The analog input required to generate full-scale output 
(2000 counts) is: V|n = 2Vref- Thus, for the 200.0mV and 
2,000V scale, Vref should equal lOO.OmV and 1.000V, re¬ 
spectively. However, in many applications where the A/D is 
connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full-scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0mV, the designer should use the Input voltage di¬ 
rectly and select Vref =0-341V. A suitable value for the 
integrating resistor would be 330kn. This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input. Another advantage of this system oc¬ 
curs when a digital reading of zero is desired for V|n= 5^0. 
Temperature and weighing systems with a variable tare are 
examples. This offset reading can be conveniently generat¬ 
ed by connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage between 
COMMON and IN LO. 

TYPICAL APPLICATIONS 

The 7137 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 
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Figure 10:7137 Using the internai 
Reference. 

Vaiues shown are for 200.0mV fuii-scaie, 3 
readings/sec. IN LO may be tied to either 
COMMON for inputs fioating with respect to 
suppiies, or GND for singie ended inputs. (See 
discussion under Anaiog COMMON.) 



Reference (1.2V Type). 

iN LO is tied to COMMON, thus estabiishing the 
correct common-mode voitage. COMMON acts 
as a pre-reguiator for the reference. Vaiues 
shown are for 1 reading/sec. 


I^DI^Irinii^DIL 



Figure 12: Recommended Component Vaiues for 
2.000V Fuii-Scaie, 

3 Readings/Sec. 

For 1 reading/sec, change C|nt> ^osc to values 
of Figure 11. 



Since low TC zeners have breakdown voltages 
~ 6.8V, diode must be placed across the total 
supply (10V). As in the case of Figure 11, IN LO 
may be tied to COMMON. 
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Single + 5V Supply. 

An external reference must be used in this 
application, since the voltage between V+ and 
V- is insufficient for correct operation of the 
internal reference. 



0344-16 

Figure 15: Measuring Ratiometric Values of 
Quad Load Cell. 

The resistor values within the bridge are 
determined by the desired sensitivity. 



Figure 16: Circuit for developing Underrange and 
Overrange signals from outputs. 

The LM339 is required to ensure logic compatibility with heavy display loading. 


* Values depend on clock frequency. See Figures 10,11, and 12. 
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APPLICATION NOTES 

A016 “Selecting A/D converters,” by David Fullagar. 

A017 “The Integrating A/D Converter,” by Lee Evans. 

A018 “Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A023 “Low Cost Digital Panel Meter Designs,” by David 
Fullagar and Michael Dufort. 

A032 “Understanding the Auto-Zero and Common-Mode 
Behavior of the ICL7106/7/9 Family,” by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with,the ICL7106,” by Larry Goff. 

A047 “Games People Play with Intersil’s A/D Convert¬ 
ers” edited by Peter Bradshaw. 

A052 “Tips for Using Single-Chip 3y2-Diglt A/D Convert¬ 
ers,” by Dan Watson. 


ICL7137 EVALUATION KITS 

After purchasing a sample of the 7137, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 

To facilitate evaluation of this unique circuit, Intersil is of¬ 
fering a kit which contains all the necessary components to 
build a 3y2-digit panel meter. With the ICL7137EV/Klt, an 
engineer or technician can have the system “up and run¬ 
ning” in about half an hour. The kit contains a circuit board, 
LED display, passive components, and miscellaneous hard¬ 
ware. 
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ICL7139 

3y4-Digit 

Autoranging Multimeter 

GENERAL DESCRIPTION 

The Intersil ICL7139 is a high perfornnBnce, ^ _ 
auto-ranging digital multimeter IC. Unlike oi|^%toranging 
multimeter ICs, the 1017139 always displays the result of a 
conversion on the correct range. There is no “range hunt¬ 
ing” noticeable in the display. The unit will autorange be¬ 
tween the four different ranges. A manual switch is used to 
select the 2 high group ranges. DC current ranges are 4 mA 
and 40 mA in the low current group, 400 mA and 4A in the 
high current group. Resistance measurements are made on 
4 ranges, which are divided into two groups. The low resist¬ 
ance ranges are 4/40 kilohms. High resistance ranges are 
0.4/4 megohms. Resolution on the lowest range is 1 ohm. 
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Figure 1: Pin Configuration | 




FEATURES 

• 13 Ranges: 

4 DC Voltage—400 mV, 4V, 40V, 400V 
1 AC Voltage—400V 

4 DC Current—4 mA, 40 mA, 400 mA, 4A 
4 Resistance—4 KH, 40 Kil, 400 KH, 4 MH 

• Autoranging—First Reading is Always on Correct 
Range 

• On-Chip Duplex LCD Display Drive Including Three 
Decimal Points and 11 Annunciators 

• No Additional Active Components Required 

• Low Power Dissipation—Less than 20 mW—1000 
Hour Typical Battery Life 

• Average Responding Converter for Sinewave Inputs 

• Display Hold Input 

• Continuity Output Drives Piezoelectric Beeper 

• Low Battery Annunciator with On-Chip Detection 

• Guaranteed Zero Reading for 0 Volts Input on All 
Ranges 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7139CPL 

0“Cto +70“C 

40 Pin Plastic DIP 

♦ICL7139CM44 

O^Cto +70‘’C 

44 Pin Surface Mount 


♦Consult Factory for Details. 



EXTERNAL 

RESISTORS 

AND 


CAPACITORS 

Figure 2: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+ to V“).15V 

Reference Input Voltage (Vref to COM).3V 

Analog Input Current.100 /aA 

(IN + Current or IN + Voltage) 

Clock Input Swing.V+toV+-3 

Power Dissipation (Plastic Package) .800 mW 

Operating Temperature Range.O^C to + TO^C 


Storage Temperature Range.-SS^C to + 130“C 

Lead Temperature (Soldering, 10 sec).300®C 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS V+ = + 9.0V, Ta = +25®C, Vref adjusted for -3.700 reading on DC 


volts, test circuit as shown In Figure 3. Crystal = 120 kHz. 


Parameter 

Test Conditions 


BSI 

Max 

Units 

Zero Input Reading 

V||s| or l||si or R|n = 0.00 

-00.0 


+ 00.0 

V, 1, Ohms 

Rollover Error (Note 1) 

V|N or l||sj = ±FullScale1 


4 


Counts 

Linearity (Best Straight Line) (Note 6) 


-1 


+ 1 

Counts 

Accuracy DC V, 400 Volt Range Only 




±1 


Accuracy DC V, 400 Volt Range Excluded 





% of RDG + 1 

Accuracy Ohms, 4K and 400K Range 






Accuracy Ohms, 40K and 4 Meg Range 

bhhhhhhh^h 

BIB 

m 



Accuracy DC 1, Unadjusted for FS 




IBEBi 

% of RDG + 1 

Accuracy DC 1, Adjusted for FS 





% of RDG + 1 

Accuracy AC V (Note 5) 

@60 Hz 


±2 



Open Circuit Voltage for Ohms Measurements 

Runknown = Infinity 


DU 


V 

Noise (Note 2,95% of Time) 

V|N = 0, DC Volts 


ED 


LSB 

Noise (Note 2, 95% of Time) 

V|N = 0. AC Volts 


4 


LSB 

Supply Current 

V|N = 0, DC Voltage Range 


IB 

2.4 

mA 

Analog Common (with Respect to V+) 

ICOMMON < 10 /iA 

2.7 

BB 

3.1 

V 

Temperature Coefficient of Analog Common 

IcOMMON < “10 jixA, Temp = 0-70®C 


EES 


ppm/“C 

Output Impedance of Analog Common 

■common < 100 p,A 


1 

■Efl 

Ohms 

Backplane/Segment Drive Voltage 

Average DC < 50 mV 

2.8 

Belli 


V 

Backplane/Segment Display Frequency 



75 


Hz 

Switch Input Current (Note 3) 

V|N = V+toV- 

-50 



juA 

Switch Input Levels (High Trip Point) 


V+ - 0.5 


■Bi 

V 

Switch Input Levels (Mid Trip Point) 





V 

Switch Input Levels (Low Trip Point) 


V- 


qB^E 

V 

Beeper Output Drive (Rise or Fall Time) 

Cload = 10 nF 




JJLS 

Beeper Output Frequency 



2 


kHz 

Continuity Detect 

Range = Low Ohms, Vref = “1 OOV 

500 



Counts 

Power Supply Functional Operation 

V+toV~ 

7 

9 

11 

V 

Low Battery Detect (Note 4) 

V+ toV- 

6.5 

7 

7.5 

V 


NOTE 1: Rollover is defined as absolute value of negative reading minus absolute value of positive reading. 

2: Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjacent codes. 

3: Applies to pins 17-20. 

4: Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7139 will continue to operate correctly with a supply 
voltage above 7 volts and below 11 volts. 

5: For 50 Hz use a 100 kHz crystal. 

6: Guaranteed by design, not tested. 

RDG = Reading 
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3%-Digit Autoranging DMM Using Intersii’s iCL7139 



Figure 3: iCL7139 Test Circuit 
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Table 1: Pin Numbers and Function 


I/O 

Pin Number 

Pin Function 

0 

1 

Segment Driver POL/AC 

0 

2 

Backplane 2 

0 

3 

Backplane 1 

1 

4 

v+ 

1 

5 

V- 

1 

6 

Reference Input 

0 

7 

Lo Ohms 

0 

8 

Hi Ohms 

I/O 

9 

Deintegrate 

I/O 

10 

Analog Common 

1 

11 

Int 1 

1 

12 

Intv/Ohms 

1 

13 

Triple Point 

1 

14 

Auto Zero Capacitor (Caz) 

1 

15 

Integrate Capacitor (C|nt) 

0 

16 

Beeper Output 

1 

17 

mA/juiA 

1 

18 

Ohms/V/A 

1 

19 

Hi Ohms DC/Lo Ohms AC 

1 

20 

Hold 

0 

21 

Oscillator Out 

1 

22 

Oscillator In 

0 

23 

Segement DRIVER k/m 

0 

24 

Segment Driver Ohms/A 

0 

25 

Segment Driver M Ohms/jmA 

0 

26 

Segment Driver Lo Bat/V 

0 

27 

Segment Driver Bq/Cq 

0 

28 

Segment Driver Aq/Dq 

0 

29 

Segment Driver Gq/Eq 

0 

30 

Segment Driver Fq/DPi 

0 

31 

Segment Driver B-i /Ci 

0 

32 

Segment Driver Ai/Di 

0 

33 

Segment Driver G 1 /E -1 

0 

34 

Segment Driver Fi /DPi 

0 

35 

Segment Driver B 2 /C 2 

0 

36 

Segment Driver A 2 /D 2 

0 

37 

Segment Driver G 2 /E 2 

0 

38 

Segment Driver F 2 /DP 3 

0 

39 

Segment Driver B 3 /C 3 

0 

40 

Segment Driver ADG 3 /E 3 


NOTE; For segment drivers, segments are listed as (segment for backplane 
1)/(segment for backplane 2). Example: pin 27; segment Bq is on 
backplane 1, segment Co is on backplane 2. 


DETAILED DESCRIPTION 
General 

Figure 2 Is a simplified block diagram of the ICL7139. The 
digital section includes all control logic, counters, and dis¬ 
play drivers. The digital section is powered by V+ and Digi¬ 
tal Common, which Is about 3V below V+. The oscillator Is 
also In the digital section. Normally 120 kHz for rejection of 
60 Hz AC interference and 100 kHz for rejection of 50 Hz 
AC, the oscillator output is divided by two to generate the 
internal master clock. The analog section contains the Inte¬ 
grator, comparator, reference section, analog buffers, and 
several analog switches which are controlled by the digital 
logic. The analog section is powered from V+ and V". 

DC VOLTAGE MEASUREMENT 
Autozero 

Only those portions of the analog section which are used 
during DC voltage measurements are shown in Figure 5. As 
shown in the timing diagram (Figure 6 ), each measurement 
starts with an autozero (AZ) phase. During this phase, the 
Integrator and comparator are configured as unity gain buff¬ 
ers and their non-inverting inputs are connected to Com¬ 
mon. The output of the integrator, which is equal to its off¬ 
set, Is stored on Caz—^ the autozero capacitor. Similarly, the 
offset of the comparator in stored In C|nt- The autozero 
cycle equals 1000 clock cycles which is one 60 Hz line cy¬ 
cle with a 120 kHz oscillator or one 50 Hz line cycle with a 
100 kHz crystal. 

Range 11ntegrate 

The ICL7139 performs a full autorange search for each 
reading, beginning with range 1. During the range 1 Inte¬ 
grate period, internal switches connect the I NT V/Ohm ter¬ 
minal to the Triple Point (Pin 13). The Input signal is inte¬ 
grated for 10 clock cycles, which are gated out over a peri¬ 
od of 1000 clock cycles to ensure good normal mode rejec¬ 
tion of AC line interference. 

Range 1 Deintegrate 

At the beginning of the deintegrate cycle, the polarity of 
the voltage on the integrator capacitor (Cinj) is checked, 
and either the DEINT + or DEINT" is asserted. The integra¬ 
tor capacitor C|nt Is then discharged with a current equal to 
Vref/Rdeint- The comparator monitors the voltage on 
C|NT. When the voltage on C|nt is reduced to zero (actually 
to the Vos of the comparator), the comparator output 
switches, and the current count is latched. If the C|nt volt¬ 
age zero-crossing does not occur before 4000 counts have 
elapsed, the overload flag is set. “OL” (overload) Is then 
displayed on the LCD. If the latched result is between 360 
and 3999, the count is transferred to the output latches and 
is displayed. When the count Is less than 360, an under¬ 
range has occurred, and the ICL7139 then switches to 
range 2—the 40V scale. 

Range 2 

The range 2 measurement begins with an autozero cycle 
similar to the one that preceded range 1 Integration. Range 
2 cycle length however. Is one AC line cycle, minus 360 
clock cycles. When performing the range 2 cycle, the signal 
is integrated for 100 clock cycles, distributed throughout 
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one line cycle. This is done to maintain good normal mode 
rejection. Range 2 sensitivity is ten times greater than range 
1 (100 vs. 10 clock cycle integration) and the full scale volt¬ 
age of range 2 is 40V. The range 2 deintegrate cycle Is 
identical to the range 1 deintegrate cycle, with the result 
being displayed only for readings greater than 360 counts. If 
the reading is below 360 counts, the ICL7139 again asserts 
the internal underrange signal and proceeds to range 3. 

Range 3 

The range 3 or 4V full scale measurement is identical to 
the range 2 measurement, except that the input signal is 
integrated during the full 1000 clock cycles (one line fre¬ 
quency cycle). The result is displayed if the reading is great¬ 
er than 360 counts. Underrange is asserted, and a range 4 
measurement is performed if the result is below 360 counts. 

Range 4 

This measurement is similar to the range 1, 2 and 3 mea¬ 
surements, except that the integration period is 10,000 
clock cycles (10 line cycles) long. The result of this mea¬ 


surement is transferred to the output latches and displayed 
even if the reading is less than 360. 

Autozero 

After finding the first range for which the reading is above 
360 counts, the display is updated and an autozero cycle is 
entered. The length of the autozero cycle is variable which 
results in a fixed measurement period of 24,000 clock cy¬ 
cles (24 line cycles). 
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Figure 4: Dispiay Segment Nomenclature | 



Figure 5: Detailed Circuit Diagram for DC Voltage Measurement 
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UNDERRANGE 


AUTOZERO 
SECOND AUTO ZERO 
FL- SECOND INTEGRATE 

SECOND DEINTEGRATE 


I 


UNDERRANGE j J 


AUTOZERO 
rL_ THIRD AUTO ZERO 

—n . THIRD INTEGRATE 

THIRD DEINTEGRATE 


UNDERRANGE 


'kS 


AUTOZERO 


FOURTH AUTO ZERO 


FOURTH INTEGRATE 

FOURTH DEINTEGRATE 
AUTOZERO 


i nii iiiiiiifTi i rrm.ni i 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 


LINE FREQUENCY CYCLES (1 CYCLE = 1000 INTERNAL CLOCK PULSES = 2000 
OSCILLATION CYCLES) 

Figure 6: Timing Diagram for DC Voitage Measurement 


DC CURRENT 

Figure 7 shows a simplified block diagram of the analog 
section of the ICL7139 during DC current measurement. 
The DC current measurements are very similar to DC volt¬ 
age measurements except: 1) The input voltage is devel¬ 
oped by passing the input current through a 0.1 ohm (HI 
current ranges), or 9.9 ohm (LOW current ranges) current 
sensing resistor; 2) Only those ranges with 1000 and 10,000 
clock cycles of integration are used; 3) The R|nt i resistor is 
1 megohm, rather than the 10 megohm value used for the 
Rint V resistor. 


By using the lower value integration resistor, and only the 
2 most sensitive ranges, the voltage drop across the current 
sensing resistor is 40 mV maximum on the 4 mA and 
400 mA ranges; 400 mV maximum on the 40 mA and 4A 
scales. With some increase in noise, these “burden” volt¬ 
ages can be reduced by lowering the value of both the cur¬ 
rent sense resistors and the Rint i resistor proportionally. 
The DC current measurement timing diagram is similar to 
the DC voltage measurement timing diagram, except in the 
DC current timing diagram, the first and second Integrate 
and deintegrate phases are skipped. 
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AC VOLTAGE MEASUREMENT 

As shown in Figure 8, the AC input voltage is applied 
directly to the ICL7139 input resistor. No separate AC to DC 
conversion circuitry is needed. The AC measurement cycle 
is begun by disconnecting the integrator capacitor and us¬ 
ing the integrator as an autozeroed comparator to detect 
the positive-going zero crossing. Once synchronized to the 
AC input, the autozero loop is closed and a normal inte- 
grate/deintegrate cycle begins. The 1CL7139 resynchroniz¬ 
es itself to the AC input prior to every reading. Because 
diode D4 is In series with the integrator capacitor, only posi¬ 
tive current from the integrator flows into the integrator ca¬ 
pacitor, C|nt- Since the voltage on C|nt is proportional to 
the half-wave rectified average AC input voltage, a conver¬ 
sion factor must be applied to convert the reading to RMS. 
This conversion factor is 7r/V2 = 1.107, and the system 
clock is manipulated to perform the RMS conversion. As a 
result the deintegrate and autozero cycle times are reduced 
by 10%. 

Ratiometric Ohms Measurement 

The ratiometric ohms measurement is performed by first 
integrating the voltage across an unknown resistor, Rx, then 


effectively deintegrating the voltage across a known resistor 
(Rknowni or Rknown2 of Figure 9). The shunting effect of 
Riisitv does not affect the reading because it cancels exact¬ 
ly between integration and deintegration. Like the current 
measurements, the ohm measurements are split into two 
sets of ranges. LO ohms measurements use a 10 kil- 
ohm reference resistor, and the full scale ranges are 4 and 
40 kllohms. HI ohms measurements use a 1 megohm refer¬ 
ence resistor, and the full scale ranges are 0.4 and 4 me¬ 
gohms. The measurement phases and timing are the same 
as the measurement phases and timing for DC current ex¬ 
cept: 1) During the integrate phases the input voltage is the 
voltage across the unknown resistor Rx, and; 2) During the 
deintegate phases, the input voltage is the voltage across 
the reference resistor Rknowni or Rknown2- 

Continuity indication 

When the ICL7139 is in the LO ohms measurement 
mode, the continuity circuit of Figure 10 will be active. When 
the voltage across Rx is less than approximately 100 mV, 
the beeper output will be on. When R3 is 10 kiiohms, the 
beeper output will be on when Rx is less than 1 kllohm. 




0079-7 

Figure 7: Detailed Circuit Diagram for DC Current Measurement 
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Common Voltage 

The analog and digital common voltages of the ICL7139 
are generated by an on-chip resistor/zener/diode combina¬ 
tion, shown in Figure 11. The resistor values are chosen so 
the coefficient of the diode voltage cancels the positive 
temperature coefficient of the zener voltage. This voltage is 
then buffered to provide the analog common and the digital 
common voltages. The nominal voltage between V+ and 
analog common is 3V. The analog common buffer can sink 
about 20 mA, or source 0.01 mA, with an output impedance 
of 10 ohms. A pullup resistor to V+ may be used if more 
sourcing capability is desired. Analog common may be used 
to generate the reference voltage, if desired. 

Oscillator 

The ICL7139 uses a parallel resonant-type crystal In a 
Pierce oscillator configuration, as shown in Figure 12, and 
requires no other external components. The crystal elimi¬ 
nates the need to trim the oscillator frequency. An external 
signal may be capacitively coupled in OSC IN, with a signal 
level between 0.5 and 3V pk-pk. Because the OSC OUT 


pin is not designed to drive large external loads, loading on 
this pin should not exceed a single CMOS input. The oscilla¬ 
tor frequency is internally divided by two to generate the 
ICL7139 clock. The frequency should be 120 kHz to reject 
60 Hz AC signals, and 100 kHz to reject 50 Hz signals. 

Display Drivers 

Figure 13 shows typical LCD Drive waveforms, RMS ON, 
and RMS OFF voltage calculations. Duplex multiplexing is 
used to minimize the number of Connections between the 
ICL7139 and the LCD. The LCD has two separate back¬ 
planes. Each drive line can drive two individual segments, 
one referenced to each backplane. The ICL7139 drives 3% 
7-segment digits, 3 decimal points, and 11 annunciators. 
Annunciators are used to indicate polarity, low battery con¬ 
dition, and the range in use. Peak drive voltage across the 
display is approximately 3V. An LCD with approximately 
1 .4V RMS threshold voltage should be used. The third volt¬ 
age level needed for duplex drive waveforms is generated 
through an on-chip resistor string. The DC component of 
the drive waveforms Is guaranteed to be less than 50 mV. 
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Ternary Input 

The Ohms/Volts/Amps logic input is a ternary, or 3-level 
input. This input is internally tied to the common voltage 
through a high-value resistor, and will go to the middle, or 
“Volts” state, when not externally connected. When con¬ 
nected to V“, approximately 5 /xA of current flows out of 
the input. In this case, the logic level is the “Amps”, or low 
state. When connected to V+, about 5 fiA of current flows 
into the input. Here, the logic level is the “Ohms”, or high 
state. For other pins, see Table 2. 


Table 2: Ternary Inputs Connections 


Pin 

Number 

V+ 

OPEN 
or COM 

V- 

17 

mA 

fiA 

Test 

18 

Ohms 

Volts 

Amps 

19 

Hin/DC 

Lon/AC 

Test 

20 

Hold 

Auto 

Test 


COMPONENT SELECTION 

For optimum performance while maintaining the low-cost 
advantages of the ICL7139, care must be taken when se¬ 
lecting external components. This section reviews specifi¬ 
cations and performance effects of various external compo¬ 
nents. 

Integrator Capacitor, C|nt 

As with all dual-slope integrating convertors, the integra¬ 
tion capacitor must have low dielectric absorption to reduce 
linearity errors. Polypropylene capacitors add undetectable 
errors at a reasonable cost, while polystyrene and polycar¬ 
bonate may be used in less critical applications. The 


ICL7139 is designed to use a 3.3 nF (0.0033 juiF) C|nt with 
an oscillator frequency of 120 kHz and an R|ntv 10 

ohms. With a 100 kHz oscillator frequency (for 50 Hz line 
frequency rejection), C|nt and R|ntv affects the voltage 
swing of the integrator. Voltage swing should be as high as 
possible without saturating the integrator. Saturation occurs 
when the Integrator output is within IV of either V+ or V~. 
Integrator voltage swing should be about ± 2V when using 
standard component values. For different R|ntv and oscilla¬ 
tor frequencies the value of Cint can be calculated from: 

_ (Integrate Time) X (Integrate Current) 

(Desired Integrator Swing) 

- (10.00Q X 2 X Oscillator Period) x 0.4V/R|ntv 
(2V) 

Integrator Resistors 

The normal values of the R|nt v and Rint i resistors are 
10 megohms and 1 megohm respectively. Though their ab¬ 
solute values are not critical, unless the value of the current 
sensing resistors are trimmed, their ratio should be 10:1, 
within 0.05%. Some carbon composition resistors have a 
large voltage coefficient which will cause linearity errors on 
the 400V scale. Also, some carbon composition resistors 
are very noisy. The class “A” output of the integrator begins 
to have nonlinearities If required to sink more than 70 fiA 
(the sourcing limit is much higher). Because R|nx v drives a 
virtual ground point, the input impedance of the meter is 
equal to R|nt v- 

Deintegration Resistor, Rdeint 

Unlike most dual-slope A/D converters, the ICL7139 uses 
different resistors for integration and deintegration. Rqeint 
should normally be the same value as R|ntv. and have the 
same temperature coefficient. Slight errors In matching may 
be corrected by trimming the reference voltage. 




Figure 9: Detailed Circuit Diagram for Ratiometric Ohms Measurement 
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Autozero Capacitor, Caz 

The Caz is charged to the integrator’s offset voltage dur¬ 
ing the autozero phases, and subtracts that voltage from 
the input signal during the integrate phases. The integrator 
thus appears to have zero offset voltage. Minimum Caz val¬ 
ue is determined by: 1) Circuit leakages; 2 ) Caz self-dis¬ 
charge; 3) Charge injection from the internal autozero 
switches. To avoid errors, the Caz voltage change should 
be less than Vio of a count during the 10,000 count clock 
cycle integration period for the 400 mV range. These re¬ 
quirements set a lower limit of 0.047 juF for Caz but 0.1 jutF 
is the preferred value. The upper limit on the value of Caz's 
set by the time constant of the autozero loop, and the 1 line 
cycle time period allotted to autozero. Caz f^iay be several 
10 s of microfarads before approaching this limit. 

The ideal Caz 'S a low leakage polypropylene or Teflon 
capacitor. Other film capacitors such as polyester, poly¬ 
styrene, and polycarbonate introduce negligible errors. If a 
few seconds of settling time upon power-up is acceptable, 
the Caz i^riay be a ceramic capacitor, provided it does not 
have excessive leakage. 

Ohms Measurement Resistors 

Because the ICL7139 uses a ratiometric ohms measure¬ 
ment technique, the accuracy of ohms reading is primarily 
determined by the absolute accuracy of the Rknowni and 
RknowN2 - These should normally be 10 kilohms and 
1 megohm, with an absolute accuracy of at least 0.5%. 



Current Sensing Resistors 

The 0.1 ohm and 9.9 ohm current sensing resistors con¬ 
vert the measured current to a voltage, which is then mea¬ 
sured using R|nt i- The two resistors must be closely 
matched, and the ratio between R|nt i and these two resis¬ 
tors must be accurate—normally 0.5%. The 0.1 ohm resis¬ 
tor must be capable of handling the full scale current of 4 
amps, which requires it to dissipate 1.6 watts. 

Continuity Beeper 

The Continuity Beeper output is designed to drive a piezo¬ 
electric transducer at 2 kHz (using a 120 kHz crystal), with a 
voltage output swing of V+ to V~. The beeper output off 
state is at the V+ rail. When crystals with different frequen¬ 
cies are used, the frequency needed to drive the transducer 
can be calculated by dividing the crystal frequency by 60. 

Display 

The ICL7139 uses a custom, duplexed drive display with 
range, polarity, and low battery annunciators. With a 3 volt 
peak display voltage, the RMS ON voltage will be 2.37V 
minimum; RMS OFF voltage will be 1.06V maximum. Be¬ 
cause the display voltage is not adjustable, the display 
should have a 10% ON threshold of about 1.4V. Most dis¬ 
play manufacturers supply a graph that shows contrast ver¬ 
sus RMS drive voltage. This graph can be used to deter¬ 
mine what the contrast ratio will be when driven by the 
ICL7139. Most display thresholds decrease with increasing 
temperature. The threshold at the maximum operating tem¬ 
perature should be checked to ensure that the “off” seg¬ 
ments will not be turned “on” at high temperatures. 



> BEEPER OUTPUT 


Figure 10: Continuity Beeper Drive Circuit 


NOTE 1: The ICL7139 contains a comparator that is enabled on the lowest ohms range. It trips at approximately % of the full scale value of that range and enables 
the beeper driver to oscillate (between V~ and V+) at 2 kHz. The beeper driver is capable of driving a piezo-electric transducer. The beeper output 
response is independent of the state of the conversion; therefore appears instantaneous to the user. Some applications may require a 150 pF capacitor 
between pin 4 and pin 8 to insure a sharp on/off continuity detection. 
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Crystal 

The ICL7139 is designed to use a parallel resonant 
120 kHz or 100 kHz crystal with no additional external com¬ 
ponents. The Rs parameter should be less than 25 kilohms 
to ensure oscillation. Initial frequency tolerance of the crys¬ 
tal can be a relatively loose 0.05%. 

Switches 

Because the logic input draws only about 5 jaA, switches 
driving these inputs should be rated for low current, or “dry” 
operations. The switches on the external inputs must be 
able to reliably switch low currents, and be able to handle 
voltages in excess of 400V AC. 

Reference Voltage Source 

A voltage divider connected to V+ and Common is the 
simplest source of reference voltage. While minimizing ex¬ 
ternal component count, this approach will provide the 
same voltage tempco as the ICL7139 Common—about 100 
PPM/“C. To improve the tempco, an ICL8069 bandgap ref¬ 
erence may be used (see Figure 14). The reference voltage 
source output impedance must be ^ Rdeinj/^OOO. 

Applications, Examples, and Hints 

A complete autoranging 3% digit multimeter is shown in 
Figure 15. The following sections discuss the functions of 
specific components and various options. 


Meter Protection 

The ICL7139 and its external circuitry should be protect¬ 
ed against accidental application of 110/220V AC line volt¬ 
ages on the ohms and current ranges. Without the neces¬ 
sary precautions, both the 7139 and its external compo¬ 
nents could be damaged under such fault conditions. For 
the current ranges, fast-blow fuses should be used between 
S5A In Figure 15 and the 0.1 ohm and 9.9 ohm shunt resis¬ 
tors. For the ohms ranges, no additional protection circuitry 
is required. However, the 10 kilohm resistor connected to 
pin 7 must be able to dissipate 1.2W or 4.8W for short peri¬ 
ods of time during accidental application of 110V or 220V 



0079-12 

Figure 12: Internal Oscillator Circuit Diagram 
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Printed Circuit Board Layout 
Considerations 

Particular attention must be paid to rollover performance, 
leakages, and guarding when designing the PCB for a 
ICL7139-based multimeter. 

Roiiover Performance, Leakages, and 
Guarding 

Because the ICL7139 system measures very low cur¬ 
rents, it is essential that the PCB have low leakage. Boards 
should be properly cleaned after soldering. Areas of particu¬ 
lar importance are: 1) The INT V/n and INT I Pins; 2) The 
Triple Point; 3) The Rdeint ^ind the Caz pins. 

The conversion scheme used by the ICL7139 changes 
the common mode voltage on the integrator and the capaci¬ 
tors Caz and C|nt during a positive deintegrate cycle. Stray 
capacitance to ground is charged when this occurs, remov¬ 
ing some of the charge on C|nt and causing rollover error. 
Rollover error increases about 1 count for each picofarad of 
capacitance between Caz or the Triple Point and ground, 
and Is seen as a zero offset for positive voltages. Rollover 
error is not seen as gain error. 


The rollover error causes the width of the + 0 count to be 
larger than normal. The ICL7139 will thus read zero until 
several hundred microvolts are applied in the positive direc¬ 
tion. The ICL7139 will read -1 when approximately 
-100 jutV is applied. 

The rollover error can be minimized by guarding the Triple 
Point and Caz nodes with a trace connected to the C|nt 
pin, which is driven by the output of the integrator. Guarding 
these nodes with the output of the integrator reduces the 
stray capacitance to ground, which minimizes the charge 
error on Cint and Caz- If possible, the guarding should be 
used on both sides of the PC board. 

stray Pickup 

While the ICL7139 has excellent rejection of line frequen¬ 
cy noise and pickup in the DC ranges, any stray coupling 
will effect the AC reading. Generally, the analog circuitry 
should be as close as possible to the ICL7139. The analog 
circuitry should be removed or shielded from any 120V AC 
power Inputs, and any AC sources such as LCD drive wave¬ 
forms. Keeping the analog circuit section close to the 
ICL7139 will also help keep the area free of any loops, thus 
reducing magnetically coupled interference coming from 
power transformers, or other sources. 
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Figure 14: External Voltage Reference Connection to ICL7139 



NOTE 1: Crystal is a Statek or SaRonix CX-IV type. 

2: Multimeter protection components have not been shown. 
3: Display is from LXD, part number 38D3R02H. 

4: Beeper is from muRata, part number PKM24-4A0. 
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ICL7149 

Low Cost 33^-Digit 
Autoranging Multimeter 

GENERAL DESCRIPTION 



The Intersil ICL7149 is a high peilorir^nce^w^^wer, 
autoranging digital multimeter 1C. Unlike ot)|ef%utoranging 
multimeter ICs, the ICL7149 always displays the result of a 
conversion on the correct range. There is no “range hunt¬ 
ing” noticeable in the display. The unit will autorange be¬ 
tween the four different ranges in the DC voltage, DC cur¬ 
rent and resistance measurement modes. A manual switch 
is used to select the 2 high group ranges. DC current ranges 
are 4 mA and 40 mA in the low current group, 400 mA and 
4A in the high current group. Resistance measurements are 
made on 4 ranges, which are divided into two groups. The 
low resistance ranges are 4/40 kilohms. High resistance 
ranges are 0.4/4 megohms. Resolution on the lowest range 
is 1 ohm. 
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I Figure 1: Pin Configuration 


FEATURES 

• 18 Ranges: 

4 DC Voltage~400 mV, 4V, 40V, 400V 
2 AC Voltage—with Optional AC Circuit 
4 DC Current—4 mA, 40 mA, 400 mA, 4A 
4 AC Current with Optional AC Circuit 
4 Resistance—4 kn, 40 kfl, 400 kH, 4 MH 

• Autoranging—First Reading is Always on Correct 
Range 

• On-Chip Duplex LCD Display Drive Including Three 
Decimal Points and 11 Annunciators 

• Low Power Dissipation—Less than 20 mW—1000 
Hour Typical Battery Life 

• Display Hold Input 

• Continuity Output Drives Piezoelectric Beeper 

• Low Battery Annunciator with On-Chip Detection 

• Guaranteed Zero Reading for 0 Volts Input on All 
Ranges 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7149CPL 

0"Cto +70“C 

40 Pin Plastic DIP 

♦ICL7149CM44 

0"Cto +70‘’C 

44 Pin Surface Mount 


•Consult Factory for Details 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+ to V”).15V 

Reference Input Voltage (Vref to COM).3V 

Analog Input Current.100 juiA 

(IN+ Current or IN+ Voltage) 

Clock Input Swing. V+toV+-3 

Power Dissipation (Plastic Package) .800 mW 

Operating Temperature Range.0°C to + 70“C 


Storage Temperature Range..-65“C to + 130®C 

Lead Temperature (Soldering, 10 sec).OOO^C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS V+ = + 9.0V, Ta = +25‘’C, Vref adjusted for -3.700 reading on DC 
volts, test circuit as shown in Figure 3. Crystal Frequency =120 kHz._ 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Zero Input Reading 

V|N or I|N or ~ 0 00 

-00.0 


+ 00.0 

V, 1, Ohms 

Rollover Error (Note 1) 

V|N or l||s| = ± Full Scale 


4 


Counts 

Linearity (Best Straight Line) (Note 5) 


-1 


+ 1 

Counts 

Accuracy DC V, 400 Volt Range Only 




±1 

% of RDG + 1 

Accuracy DC V, 400 Volt Range Excluded 




±0.2 

% of RDG + 1 

Accuracy Ohms, 4K and 400K Range 




±0.5 

% of RDG + 8 

Accuracy Ohms, 40K and 4Meg Range 




±1 

% of RDG + 9 

Accuracy DC 1, Unadjusted for FS 




±0.5 

% of RDG + 1 

Accuracy DC 1, Adjusted for FS 




±0.2 

% of RDG + 1 

Open Circuit Voltage for Ohms Measurements 

^UNKNOWN = Infinity 


Vref 


V 

Noise (Note 2, 95% of Time) 

V|N = 0, DC Volts 


0.1 


LSB 

Supply Current 

V|N = 0, DC Voltage Range 


1.5 

2.4 

mA 

Analog Common (with Respect to V+) 

IcOMMON < 10 fiA 

2.8 

3.0 

3.2 

V 

Temperature Coefficient of Analog Common 

■common < 10 

Temp = 0“C-70“C 


-100 


ppm/^C 

Output Impedance of Analog Common 

■common < 100 ftA 


1 

10 

Ohms 

Backplane/Segment Drive Voltage 

Average DC < 50 mV 

2.7 

2.9 

3.1 

V 

Backplane/Segment Display Frequency 



75 


Hz 

Switch Input Current (Note 3) 

V|N = V+ toV- 

-50 


+ 50 

ju,A 

Switch Input Levels (High Trip Point) 


V+ - 0.5 


V+ 

V 

Switch Input Levels (Mid Trip Point) 


V- + 3 


V+ - 2.5 

V 

Switch Input Levels (Low Trip Point) 


V- 


V” + 0.5 

V 

Beeper Output Drive (Rise or Fall Time) 

Cload = 10 nF 


25 

100 

fxS 

Beeper Output Frequency 



2 


kHz 

Continuity Detect 

Range = Low Ohms, 

Vref “ 1.00V 

500 


2000 

Counts 

Power Supply Functional Operation 

V+ to V- 

7 

9 

11 

V 

Low Battery Detect (Note 4) 

V+ toV- 

6.5 

7 

7.5 

V 


NOTE 1: Rollover is defined as absolute value of negative reading minus absolute value of positive reading. 

2: Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjacent codes. 

3: Applies to pins 17-20. 

4: Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7149 will continue to operate correctly with a supply 
voltage above 7 volts and below 11 volts. 

5; Guaranteed by design, not tested. 

RDG = Reading 
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Figure 2: Functional Diagram 


3%-Digit Autoranging DMM Using intersii’s iCL7149 
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Table 1: Pin Numbers and Functions 


I/O 

Pin Number 

Pin Function 

0 

1 

Segment Driver, POL/AC 

0 

2 

Backplane 2 

0 

3 

Backplane 1 

1 

4 

V+ 

1 

5 

V- 

1 

6 

Reference Input 

0 

7 

Lo Ohms 

0 

8 

Hi Ohms 

I/O 

9 

Deintegrate 

I/O 

10 

Analog Common 

1 

11 

Inti 

1 

12 

Int V/Ohms 

1 

13 

Triple Point 

1 

14 

Auto Zero Capacitor (Caz) 

1 

15 

Integrate Capacitor (C|nt) 

0 

16 

Beeper Output 

1 

17 

mA/|aA 

1 

18 

Ohms/V/A 

1 

19 

Hi Ohms-DC/Lo Ohms-AC 

1 

20 

Hold 

0 

21 

Oscillator Out 

1 

22 

Oscillator In 

0 

23 

Segment Driver k/m 

0 

24 

Segment Driver Ohms/A 

0 

25 

Segment Driver M Ohms/fiA 

o 

26 

Segment Driver Lo Bat/V 

0 

27 

Segment Driver Bq/Cq 

0 

28 

Segment Driver Aq/Dq 

0 

29 

Segment Driver Gq/Eq 

0 

30 

Segment Driver Fq/DPi 

o 

31 

Segment Driver Bi/Ci 

0 

32 

Segment Driver Ai /Di 

0 

33 

Segment Driver Gi /Ei 

0 

34 

Segment Driver Ff/DP-i 

0 

35 

Segment Driver B 2 /C 2 

0 

36 

Segment Driver A 2 /D 2 

0 

37 

Segment Driver G 2 /E 2 

0 

38 

Segment Driver F 2 /DP 3 

0 

39 

Segment Driver B 3 /C 3 

0 

40 

Segment Driver ADG 3 /E 3 


NOTE: For segment drivers, segments are listed as 

(segment for backplane 1)/(segment for backplane 2). 

Example: pin 27; segment BO is on backplane 1, segment CO is on 
backplane 2. 


DETAILED DESCRIPTION 
General 

Figure 2 is a simplified block diagram of the ICL7149. The 
digital section includes all control logic, counters, and dis¬ 
play drivers. The digital section is powered by V+ and Digi¬ 
tal Common, which is about 3V below V+. The oscillator is 
also in the digital section. Normally 120 kHz for rejection of 
60 Hz AC interference and 100 kHz for rejection of 50 Hz 
AC, the oscillator output is divided by two to generate the 
internal master clock. The analog section contains the inte¬ 
grator, comparator, reference section, analog buffers, and 
several analog switches which are controlled by the digital 
logic. The analog section is powered from V+ and V“. 

DC VOLTAGE MEASUREMENT 
Autozero 

Only those portions of the analog section which are used 
during DC voltage measurements are shown in Figure 5. As 
shown in the timing diagram (Figure 6 ), each measurement 
starts with an autozero (AZ) phase. During this phase, the 
integrator and comparator are configured as unity gain buff¬ 
ers and their non-inverting inputs are connected to Com¬ 
mon. The output of the integrator, which is equal to Its off¬ 
set, is stored on Caz. the autozero capacitor. Similarly, the 
offset of the comparator is stored In Cinj. The autozero 
cycle equals 1000 clock cycles, which is one 60 Hz line 
cycle with a 120 kHz crystal, or one 50 Hz line cycle with a 
100 kHz crystal. 

Range 11ntegrate 

The ICL7149 performs a full autorange search for each 
reading, beginning with range 1 . During the range 1 Inte¬ 
grate period, internal switches connect the INT V/Ohm ter¬ 
minal to the Triple Point (Pin 13). The input signal is inte¬ 
grated for 10 clock cycles, which are gated out over a peri¬ 
od of 1000 clock cycles to ensure good normal mode rejec¬ 
tion of AC line interference. 

Range 1 Deintegrate 

At the beginning of the deintegrate cycle, the polarity of 
the voltage on the integrator capacitor (C|nt) is checked, 
and either the DEINT + or DEINT” is asserted. The integra¬ 
tor capacitor C|nt is then discharged with a current equal to 
Vref/Rdeint- The comparator monitors the voltage on 
C|NT. When the voltage on C|nt is reduced to zero (actually 
to the Vos of the comparator), the comparator output 
switches, and the current count is latched. If the Cint volt¬ 
age zero-crossing does not occur before 4000 counts have 
elapsed, the overload flag is set. “OL” (overload) is then 
displayed on the LCD. If the latched result is between 360 
and 3999, the count is transferred to the output latches and 
is displayed. When the count is less than 360, an under¬ 
range has occurred, and the ICL7149 then switches to 
range 2—the 40V scale. 
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Range 2 

The range 2 measurement begins with an autozero cycle 
similar to the one that preceded range 1 integration, range 2 
cycle length however, is one AC line cycle, minus 360 clock 
cycles. When performing the range 2 cycle, the signal is 
integrated for 100 clock cycles, distributed throughout one 
line cycle. This is done to maintain good normal mode rejec¬ 
tion. Range 2 sensitivity is ten times greater than range 1 
(100 vs 10 clock cycle Integration) and the full scale voltage 
of range 2 is 40V. The range 2 deintegrate cycle is identical 
to the range 1 deintegrate cycle, with the result being dis¬ 
played only for readings greater than 360 counts. If the 
reading is below 360 counts, the ICL7149 again asserts the 
internal underrange signal and proceeds to range 3. 

Range 3 

The range 3 or 4V full scale measurement is Identical to 
the range 2 measurement, except that the Input signal is 
integrated during the full 1000 clock cycles (one line fre¬ 
quency cycle). The result Is displayed if the reading is great¬ 
er than 360 counts. Underrange is asserted, and a range 4 
measurement Is performed if the result is below 360 counts. 
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Range 4 

This measurement is similar to the range 1, 2 and 3 mea¬ 
surements, except that the integration period is 10,000 
clock cycles (10 line cycles) long. The result of this mea¬ 
surement is transferred to the output latches and displayed 
even if the reading is less than 360. 

Autozero 

After finding the first range for which the reading is above 
360 counts, the display is updated and an autozero cycle is 
entered. The length of the autozero cycle is variable which 
results In a fixed measurement period of 24,000 clock cy¬ 
cles (24 line cycles). 



iCL7149 





ICL7149 


ICL7149 



FIRST AUTO-ZERO 


FIRST INTEGRATE 


FIRST DEINTEGRATE 


SECOND AUTO-ZERO 


SECOND INTEGRATE 


SECOND DEINTEGRATE 


THIRD AUTO-ZERO 


THIRD INTEGRATE 


THIRD DEINTEGRATE 


FOURTH AUTO-ZERO 


FOURTH INTEGRATE 


FOURTH DEINTEGRATE 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Line Frequency Cycles 

(1 Cycle = 1000 Internal Clock Pulses = 2000 Oscillation Cycles) 

Figure 6: Timing Diagram for DC Voitage Measurement 


DC CURRENT 

Figure 7 shows a simplified block diagram of the analog 
section of the ICL7149 during DC current measurement, 
the DC current measurements are very similar to DC volt¬ 
age measurements except: 1) The input voltage is devel¬ 
oped by passing the input current through a 0.1 ohm (HI 
current ranges), or 9.9 ohm (LOW current ranges) current 
sensing resistor; 2) Only those ranges with 1000 and 10,000 
clock cycles of integration are used; 3) The Pint i resistor is 
1 megohm, rather than the 10 megohm value used for the 
R|Isit V resistor. 


By using the lower value integration resistor, and only the 
2 most sensitive ranges, the voltage drop across the current 
sensing resistor is 40 mV maximum on the 4 mA and 
400 mA ranges; 400 mV maximum on the 40 mA and 4A 
scales. With some increase in noise, these “burden” volt¬ 
ages can be reduced by lowering the value of both the cur¬ 
rent sense resistors and the R|nt i resistor proportionally. 
The DC current measurement timing diagram is similar to 
the DC voltage measurement timing diagram, except in the 
DC current timing diagram, the first and second integrate 
and deintegrate phases are skipped. 
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AC VOLTAGE MEASUREMENT 


Oscillator 


The ICL7149 is designed to be used with an optional AC 
to DC voltage converter circuit. It will autorange through two 
voltage ranges (400V and 40V), and the AC annunciator is 
enabled as with the ICL7139. A typical averaging AC to DC 
converter is shown in Figure 8, while an RMS to DC con¬ 
verter is shown in Figure 9. AC current can also be mea¬ 
sured with some simple modifications to either of the two 
circuits in Figures 8 and 9. 

Ratlometric Ohms Measurement 

The ratlometric ohms measurement is performed by first 
integrating the voltage across an unknown resistor, Rx, then 
effectively deintegrating the voltage across a known resis¬ 
tors (Rknowni or Rknown 2 Figure 10). The shunting 
effect of Rintv does not affect the reading because it can¬ 
cels exactly between integration and deintegration. Like the 
current measurements, the ohm measurements are split 
into two sets of two ranges. LO ohms measurements use a 
10 kilohm reference resistor, and the full scale ranges are 4 
and 40 kilohms. HI ohms measurements use a 1 megohm 
reference resistor, and the full scale ranges are 0.4 and 4 
megohms. The measurement phases and timing are the 
same as the measurement phases and timing for DC cur¬ 
rent except: 1) During the integrate phases the input voltage 
is the voltage across the unknown resistor Rx, and; 2) Dur¬ 
ing the deintegrate phases, the input voltage is the voltage 
across the reference resistor Rknowni or Rknown2- 


The ICL7149 uses a parallel resonant-type crystal in a 
Pierce oscillator configuration, as shown in Figure 13, and 
requires no other external components. The crystal elimi¬ 
nates the need to trim the oscillator frequency. An external 
signal may be capacitively coupled to OSC IN, with a signal 
level between 0.5V and 3V pk-pk. Because the OSC OUT 
pin is not designed to drive large external loads, loading on 
this pin should not exceed a single CMOS input. The oscilla¬ 
tor frequency is internally divided by two to generate the 
ICL7149 clock. The frequency should be 120 kHz to reject 
60 Hz AC signals, and 100 kHz to reject 50 Hz signals. 

Display Drivers 

Figure 14 shows typical LCD Drive waveforms, RMS ON, 
and RMS OFF voltage calculations. Duplex multiplexing is 
used to minimize the number of connections between the 
ICL7149 and the LCD. The LCD has two separate back¬ 
planes. Each drive line can drive two individual segments, 
one referenced to each backplane. The ICL7149 drives 33/4 
7-segment digits, 3 decimal points, and 11 annunciators. 
Annunciators are used to indicate polarity, low battery con¬ 
dition, and the range in use. Peak drive voltage across the 
display is approximately 3V. An LCD with approximately 
1.4V RMS threshold voltage should be used. The third volt¬ 
age level needed for duplex drive waveforms is generated 
through an on-chip resistor string and the DC component of 
the drive waveforms is guaranteed to be less than 50 mV. 



Continuity indication 

When the ICL7149 Is In the LO ohms measurement 
mode, the continuity circuit of Figure 11 will be active. When 
the voltage across Rx is less than approximately 100 mV, 
the beeper output will be on. When R3 is 10 kilohms, the 
beeper output will be on when Rx is less than 1 kilohm. 

Common Voitage 

The analog and digital common voltages of the ICL7149 
are generated by an on-chip resIstor/zener/diode combina¬ 
tion, shown in Figure 12. The resistor values are chosen so 
the coefficient of the diode voltage cancels the positive 
temperature coefficient of the zener voltage. This voltage is 
then buffered to provide the analog common and the digital 
common voltages. The nominal voltage between V+ and 
analog common is 3V. The analog common buffer can sink 
about 20 mA, or source 0.01 mA, with an output impedance 
of 10 ohms. A pullup resistor to V+ may be used if more 
sourcing capability is desired. Analog common may be used 
to generate the reference voltage. If desired. 


Ternary Input 

The Ohms/Volts/Amps logic input is a ternary, or 3-level 
Input. This input is internally tied to the common voltage 
through a high-value resistor, and will go to the middle, or 
“Volts” state, when not externally connected. When con¬ 
nected to V-, approximately 5 fxA of current flows out of 
the input. In this case, the logic level is the “Amps”, or low 
state. When connected to V+, about 5 jaA of current flows 
Into the input. Here, the logic level is the “Ohms”, or high 
state. For other pins, see Table 2. 


Table 2: Ternary Inputs Connections 


Pin 

Number 

V + 

OPEN 
or COM 

V- 

17 

mA 

jiiA 

Test 

18 

Ohms 

Volts 

Amps 

19 

Hia/DC 

Loft/AC 

Test 

20 

Hold 

Auto 

Test 
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an oscillator frequency of 120 kHz and an R|ntv “IO ni®- 
gohms. With a 100 kHz oscillator frequency (for 50 Hz line 
frequency rejection), both C|nt and Rintv affect the voltage 
swing of the integrator. Voltage swing should be as high as 
possible without saturating the integrator, which occurs 
when the integrator output is within IV of either V+ or V~. 
Integrator voltage swing should be about ±2V when using 
standard component values. For different R|ntv and oscilla¬ 
tor frequencies the value of C|nt can be calculated from: 

_ (Integrate Time) x (Integrate Current) 

' (Desired Integrator Swing) 

- (1Q.QQ0 X 2 X Oscillator Period) X 0.4V/R|N-rv 
(2V) 



Figure 7: Detailed Circuit Diagram for DC Current Measurement 


COMPONENT SELECTION 

For optimum performance while maintaining the low-cost 
advantages of the ICL7149, care must be taken when se¬ 
lecting external components. This section reviews specifi¬ 
cations and performance effects of various external compo¬ 
nents. 

Integrator Capacitor, C|nt 

As with all dual-slope integrating convertors, the integra¬ 
tion capacitor must have low dielectric absorption to reduce 
linearity errors. Polypropylene capacitors add undetectable 
errors at a reasonable cost, while polystyrene and polycar¬ 
bonate may be used in less critical applications. The 
ICL7149 is designed to use a 3.3 nF (0.0033 jaF) C|nt with 
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NOTE: Diodes are low-leakage ID100. 

Figure 8: AC Voltage Measurement Using Optional Averaging Circuit 
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NOTE: The ICL7139 contains a comparator that is enabled on the lowest ohms range. It trips at approximately "Vi of the full scale value of that range and enables 
the beeper driver to oscillate (between V- and V+) at 2 kHz. The beeper driver is capable of driving a piezo-electric transducer. The beeper output 
response is independent of the state of the conversion; therefore appears instantaneous to the user. Some applications may require a 150 pF capacitor 
between pin 4 and pin 8 to insure a sharp on/off continuity detection. 
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Integrator Resistors 

The normal values of the R|nt v and Rint i resistors are 
10 megohms and 1 megohm respectively. Though their ab¬ 
solute values are not critical, unless the value of the current 
sensing resistors are trimmed, their ratio should be 10:1, 
within 0.05%. Some carbon composition resistors have a 
large voltage coefficient which will cause linearity errors on 
the 400V scale. Also, some carbon composition resistors 
are very noisy. The class “A” output of the integrator begins 
to have nonlinearities if required to sink more than 70 julA 
(the sourcing limit is much higher). Because R||sjj v drives a 
virtual ground point, the input impedance of the meter is 
equal to R|nt v- 

Deintegration Resistor, Rdeint 

Unlike most dual-slope A/D converters, the ICL7149 uses 
different resistors for integration and deintegration. Rdeint 
should normally be the same value as R|ntv. and have the 
same temperature coefficient. Slight errors In matching may 
be corrected by trimming the reference voltage. 

Autozero Capacitor, Caz 

The Caz's charged to the integrator’s offset voltage dur¬ 
ing the autozero phases, and subtracts that voltage from 
the input signal during the Integrate phases. The Integrator 
thus appears to have zero offset voltage. Minimum Caz val¬ 
ue is determined by: 1) Circuit leakages; 2 ) Caz self-dis¬ 
charge; 3) Charge injection from the internal autozero 
switches. To avoid errors, the Caz voltage change should 
be less than Yw of a count during the 10,000 count clock 
cycle integration period for the 400 mV range. These re¬ 
quirements set a lower limit of 0.047 /xF for Caz but 0.1 juiF 
is the preferred value. The upper limit on the value of Caz's 
set by the time constant of the autozero loop, and the line 
cycle time period allotted to autozero. Caz be several 
10s of microfarads before approaching this limit. 


The ideal Caz's a low leakage polypropylene or Teflon 
capacitor. Other film capacitors such as polyester, polysty¬ 
rene, and polycarbonate introduce negligible errors. If a few 
seconds of settling time upon power-up is acceptable, the 
Caz be a ceramic capacitor, provided it does not have 
excessive leakage. 

Ohms Measurement Resistors 

Because the ICL7149 uses a ratiometric ohms measure¬ 
ment technique, the accuracy of ohms reading is primarily 
determined by the absolute accuracy of the Rknown i and 
Rknown2 - These should normally be 10 kilohms and 1 me- 
gbhm, with an absolute accuracy of at least 0.5%. 

Current Sensing Resistors 

The 0.1 ohm and 9.9 ohm current sensing resistors con¬ 
vert the measured current to a voltage, which is then mea¬ 
sured using R|nt i- The two resistors must be closely 
matched, and the ratio between R|nt i and these two resis¬ 
tors must be accurate—normally 0.5%. The 0.1 ohm resis¬ 
tor must be capable of handling the full scale current of 4 
amps, which requires it to dissipate 1.6 watts. 

Continuity Beeper 

The Continuity Beeper output is designed to drive a piezo¬ 
electric transducer at 2 kHz (using a 120 kHz crystal), with a 
voltage output swing of V+ to V~. The beeper output off 
state is at the V+ rail. When crystals with different frequen¬ 
cies are used, the frequency needed to drive the transducer 
can be calculated by dividing the crystal frequency by 60. 

Dispiay 

The ICL7149 uses a custom, duplexed drive display with 
range, polarity, and low battery annunciators. With a 3 volt 
peak display voltage, the RMS ON voltage will be 2.37V 
minimum; RMS OFF voltage will be 1.06V maximum. Be¬ 
cause the display voltage is not adjustable, the display 
should have a 10% ON threshold of about 1.4V. Most 



Figure 12: Analog and Digital Common Voltage Generator Circuit 
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display manufacturers supply a graph that shows contrast 
versus RMS drive voltage. This graph can be used to deter¬ 
mine what the contrast ratio will be when driven by the 
ICL7149. Most display thresholds decrease with Increasing 
temperature, and the threshold at the maximum operating 
temperature should be checked to ensure that the “off” 
segments will not be turned “on” at high temperatures. 

Crystal 

The ICL7149 is designed to use a parallel resonant 
120 kHz or 100 kHz crystal with no additional external com¬ 
ponents. The Rs parameter should be less than 25 kilohms 
to ensure oscillation. Initial frequency tolerance of the crys¬ 
tal can be a relatively loose 0.05% 

Switches 

Because the logic Input draws only about 5 juA, switches 
driving these inputs should be rated for low current, or “dry” 
operations. The switches on the external inputs must be 
able to reliably switch low currents, and be able to handle 
voltages in excess of 400V AC. 

Reference Voltage Source 

A voltage divider connected to V+ and Common is the 
simplest source of reference voltage. While minimizing ex¬ 
ternal component count, this approach will provide the 
same voltage tempco as the ICL7149 Common—-about 
100 PPM/^C. To improve the tempco, an ICL8069 bandgap 
reference may be used (see Figure 15). The reference volt¬ 
age source output impedance must be ^ Rdeint/4000. 


Applications, Examples, and Hints 

A complete autoranging 3% digit multimeter Is shown In 
Figure 16. The following sections discuss the functions of 
specific components and various options. 

Meter Protection 

The ICL7149 and its external circuitry should be protect¬ 
ed against accidental application of 110/220V AC line volt¬ 
ages on the ohms and current ranges. Without the neces¬ 
sary precautions, both the 7149 and its external compo¬ 
nents could be damaged under such fault conditions. For 
the current ranges, fast-blow fuses should be used between 
S5A in Figure 16 and the 0.1 ohm and 9.9 ohm shunt resis¬ 
tors. For the ohms ranges, no additional protection circuitry 
is required. However, the 10 kllohm resistor connected to 
pin 7 must be able to dissipate 1.2W or 4.8W for short peri¬ 
ods of time during accidental application of 110V or 220V 
AC line voltages respectively. 
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Printed Circuit Board Layout 
Considerations 

Particular attention must be paid to rollover performance, 
leakages, and guarding when designing the PCB for a 
ICL7149-based multimeter. 

Rollover Performance, Leakages, 
and Guarding 

Because the ICL7139 system measures very low cur¬ 
rents, it is essential that the PCB have low leakage. Boards 
should be properly cleaned after soldering. Areas of particu¬ 
lar importance are: 1) The INT V/H and INT I Pins; 2) The 
Triple Point; 3) The Rdeint and the Caz pins. 

The conversion scheme used by the ICL7139 changes 
the common mode voltage on the Integrator and the capaci¬ 
tors Caz and C|nt during a positive deintegrate cycle. Stray 
capacitance to ground is charged when this occurs, remov¬ 
ing some of the charge on C|nt and causing rollover error. 
Rollover error increases about 1 count for each picofarad of 
capacitance between Caz or the Triple Point and ground, 
and is seen as a zero offset for positive voltages. Rollover 
error is not seen as gain error. 


The rollover error causes the width of the + 0 count to be 
larger than normal. The ICL7139 will thus read zero until 
several hundred microvolts are applied in the positive direc¬ 
tion. The ICL7139 will read -1 when approximately 
-100 jaV are applied. 

The rollover error can be minimized by guarding the Triple 
Point and Caz nodes with a trace connected to the Cinj 
pin, which is driven by the output of the integrator. Guarding 
these nodes with the output of the integrator reduces the 
stray capacitance to ground, which minimizes the charge 
error on C|nt and Caz- If possible, the guarding should be 
used on both sides of the PC board. 

stray Pickup 

While the ICL7149 has excellent rejection of line frequen¬ 
cy noise and pickup in the DC ranges, any stray coupling 
will affect the AC reading. Generally, the analog circuitry 
should be as close as possible to the ICL7149. The analog 
circuitry should be removed or shielded from any 120V AC 
power inputs, and any AC sources such as LCD drive wave¬ 
forms. Keeping the analog circuit section close to the 
ICL7149 will also help keep the area free of any loops, thus 
reducing magnetically coupled interference coming from 
power transformers, or other sources. 



EXTERNAL 

REFERENCE 


Figure 15: External Voltage Reference Connection to ICL7149 
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NOTE 1: Crystal is a Statek CX-1V type. 

2: Multimeter protection components have not been shown. 
3: Display is from LXD, part number 38D3R02H. 

4: Beeper is from muRata, part number PKM24-4A0. 
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ICL7182 

101 Segment LCD Bargraph 
A/D Converter 

GENERAL DESCRIPTION 

The Intersil ICL7182 is a complete an Jeg-to-g^f con¬ 
verter (ADC) that directly drives a multiplei^iieH^iquid crystal 
display (LCD). Included are a charge-balanced ADC, a 
2.56V bandgap reference, display decode and driver, and a 
50 kHz oscillator. Only a display and three passive compo¬ 
nents are required for a complete analog bargraph. 



•S- 














FEATURES 

• 1% Resolution ... 100 Data Segments Pius Zero 

• No Missing Segments Guaranteed 

• Single 5V Supply Operation 

• Only Three Passive Components Required 

• True Differential Input and Reference 


The fully differential analog and reference inputs may be 
operated anywhere between and including the supply rails. 
This allows sensing either ground-referenced signals or 
bridge configurations. Linearity and zero offset errors are 
guaranteed to be less than 0.5% for a IV full-scale input. 
The full-scale differential input range is 200 mV to 1 . 1 V. 

The low drift 50 ppm/^C reference is trimmed to 1.5% 
accuracy and, when used with a simple resistor divider, can 
set the full-scale input voltage. The reference, when used 
with an Intersil ICL7660, extends the operating supply range 
from 3V to 40V and allows sensing input signals below 
ground. 

The backplane and segment drivers supply the LCD with 
the proper waveforms to create a discrete series of seg¬ 
ments forming a 101 segment bar which is proportional to 
the input voltage, with a plus or minus annunciator to indi¬ 
cate the polarity. In addition, three independent TTL control¬ 
lable annunciators are provided for limit or unit indication. 
The bargraph multiplexing scheme provides duplex contrast 
ratio and allows the complete system to be placed in a stan¬ 
dard 40 pin DIP. The LCD operating voltage is externally set 
to adjust contrast for a range of fluid types and temperature. 

The internal oscillator requires no external components 
and establishes the conversion rate and backplane clock 
frequency. The nominal conversion rate of 25 per second 
can be easily changed between 15 to 40 conversions per 
second by adding a single capacitor or overdriving the oscil¬ 
lator. 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7182CPL 

OX to +70X 

40 Pin Plastic 

ICL7182IPL 

-25Xto +85X 

40 Pin Plastic 

♦ICL7182CM44 

OX to +70X 

44 Pin Plastic 


•Consult factory for details. 


• Direct LCD Display Drive Provides Duplex Contrast 
Ratio 

• Overrange and Polarity Indication 

• Three User Defined Annunciators—Easily 
Expandable 

• Precision On-Chip Reference ... 50 ppm/X 

• Low Average Power Consumption ... 1.8 mW 

• 40 Pin DIP or 44 Pin Surface Mount Package 

• Extended Temperature Range Operation 




“cr" 

— 


T5|Z 

1 


40 

ISEQx 

Ax|Z 

2 


39 

ISEQv 

Ay 

3 


38 

I SEQz 

A.IZ 

4 


37 

1 SIGN 

TlC 

S 


36 

1 SEG7 

osci 

6 


35 

1 SEG6 

vcc 

7 


34 

1 SEQ5 

VRout [Z. 

8 


33 

1 SEG4 

REF HI 1 

9 


32 

1 SEG3 

REFLOl 

10 


31 

1 SEG2 

IN Hll 

11 


30 

1 SEG1 

INLOl 

12 


29 

ZH SEGO 

COMMON 

13 


28 

1 BP1 

VSS { 

14 


27 

1 BP2 

VDSi 

15 


26 

1 BP3 

BP13| 

16 


25 

1 BP4 

BPI2I 

17 


24 

1 BP5 

BP11 1 

18 


23 

1 BPS 

BPIOI 

19 


22 

1 BP7 

BP9 ^ 

20 


21 

1 BP8 
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Figure 1: Pin Configuration | 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vcc to Vss).10V 

Supply Voltage (Vcc to Vqs).11V 


Display Drive Pin Voltage. (Vcc +0.3V) to (Vos- 0.3V) 

Analog or Reference Inputs — (Vcc+0.3V) to (Vss-0.3V) 
Com, Osc, Ax, Ay, 

Az, T1, T5 Pins. (Vcc+0.3V) to (Vss-0.3V) 


Reference Output Current.8 mA 

Lead Temperature (Soldering, 10 sec).300“C 

Storage Temperature Range.— es^C to 4-1 SO^C 


Operating Temperature Range.-25‘*C to +85"C 

Continuous Total Power Dissipation (Ta = 25®C) 

40 Pin DIP Plastic Package.500 mW 

44 Pin CM Plastic Package .375 mW 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS Unless otherwise stated: Vcc = 5.0V, Vss = Vqs = GND, Ta = 25“C, 


Vref — 1.000V, VINcm = VREFcm — 2.5V, pin 6 open (Note 1) 


Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

Zero Input Reading 

V|N = O.OV 

-0 

±0 

+ 0 

Segs 

Unadjusted Gain Error 

V|N = Vref 

-1 

±0 

+ 1 

Segs 

Linearity Error 

(Note 2) 

-0.63 

±0.2 

+ 0.63 

Segs 

Rollover Error 

V|N= -Vref (Note 3) 

-0.5 

±0.1 

+ 0.5 

Segs 

Conversion Time 



400 


us 

Display Update Rate 



25 


Hz 

Input Referred Noise 

(Note 4) 


500 


f*v 

DC Power Supply Rejection 

Vcc = 4.5 to 6.0V 


0.02 

0.3 

Segs/V 

ANALOG INPUT 

Common Mode Rejection Ratio 

VINcm = 0Vto5V, V|N = ov 


0.02 

0.1 

Segs/V 

Differential Mode Input 



1.0 

1.1 

V 

Average Input Current 

V|N = 1.0V (Note 5) 


1.3 


nA 

REFERENCE INPUT 

Common Mode Rejection Ratio 

VREFcm = 0.5V to 4.6V 


0.01 

0.1 

Segs/V 

Average Input Current 

(Note 6) 


6 


nA 

REFERENCE OUTPUT 

Output Voltage 

Vcc - VRout, lout = 0 juA 

2.520 

2.560 

2.590 

V 

Temperature Coefficient 

-25“C < Ta < 85“C, lout = 0 jliA 


50 

200 

ppm/®C 

Output Impedance 

lout = +10 juAto -2 mA 


1.3 

5 

n 

Current Into VRout Pin 


10 

20 


juA 

Current Out of VRout 



8 

2 

mA 

Output Noise 

0.1 Hz to 10 Hz (Note 4) 


110 


P.V 

POWER SUPPLY 1 

Supply Current Average 

(Note 6) 


350 

500 

juA 

Supply Current Peak 

(Note 6) 


1.5 

2.0 

mA 

Supply Voltage Range 

Guaranteed by PSRR 

4.5 

5.0 

6.0 

V 

OSCILLATOR 

Oscillator Frequency 

Osc Pin Open 

26 

51 

72 

kHz 

Backplane Frequency 

Osc Pin Open 

25 

50 

70 

Hz 

DISPLAY DRIVE 

Display Output Impedance 

Vcc - Vds = 3V to 7V 


70 

200 

kn 

DC Component of Display 

Vcc-VDS = 3Vto7V 

-50 

±10 

50 

mV 

Vds Supply Current 

Vcc - Vds = 3V to 7V (Note 7) 


60 

120 

fxA 
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ELECTRICAL CHARACTERISTICS (Continued) Unless otherwise stated: Vcc = 5.0V, Vss = Vqs = GND, 
Ta = 25^C, Vref = 1.000V, VINcm = VREFcm = 2.5V, pin 6 open (Note 1) 


Parameter 

Test Conditions 

Limits 

Units 




ANNUNCIATOR INPUTS 

Input High Voltage 

Operating Temp Range 




V 

Input Low Voltage 

Operating Temp Range 



0.8 

V 

Input Leakage 

Operating Temp Range 



+ 1 

juA 


NOTE 1: The differential mode input voltages are defined as: V|n = (IN HI - IN LO) and VREF = (REF HI - REF LO). The common mode input voltage, VINqm 
and VREFcm. 's defined as the average differential input voltage with respect to ground. 

2: The iinearity error is the deviation from a straight line which passes through negative fuil scale and postive full scale readings. 

3: The rollover error is defined as the difference in reading for equal positive and negative inputs near full-scale. 

4: Peak to peak value not exceeded 95% of the time (±2 standard deviations). 

5: Defined as the average current flowing into the input with a 1.0 ju.F capacitor across V|n or Vref inputs and the common mode voltage at Va VCC. 

6: The average supply current is measured with a supply bypass capacitor and annunciator inputs tied to Vss- 
7: The supply current for Vps flows from the Vcc P'n. 


PIN DESCRIPTION AND FUNCTION 


Pin No. 

Symbol 

Description 

1 

T5 

Test pin #5, buffered oscillator frequency divided by two that can typically source and sink 2 mA. 


Ax 

Annunciator Segx select, low turns on Segx, high turns off Segx. 


Ay 

Annunciator Segy select, low turns on Segy, high turns off Segy. 


Az 

Annunciator Segz select, low turns on Segz, high turns off Segz. 

■91 

T1 

Test pin # 1, normally left open or tied to Vss- 

■ 

Osc 

50 kHz free running oscillator control and clock input pin. The internal oscillator may be 
overdriven by a 30 to 80 kHz external clock driving pin 6, or the free running frequency can be 
reduced by adding an external capacitor between pin 6 and Vcc- 


Vcc 

Positive supply voltage. 

8 

VRout 

Bandgap reference buffered output, down 2.56V from Vcc- 

9 

REF HI 

Positive Reference Input. 

10 

REF LO 

Negative Reference Input. 

11 

IN HI 

Positive Analog Input. 

12 

IN LO 

Negative Analog Input. 


Common 

Internally generated voltage which is typically within ± 50 mV of Yz (Vcc “ Vss) and has 1.4 kft 
output Impedance. This pin is normally left open or bypassed with a 0.1 ju,F capacitor to signal 
ground. 

14 

Vss 

Negative supply voltage, normally ground. 



Display negative voltage, establishes the pk-pk display drive. 



LCD backplane drivers. 

29-36 

Seg0-Seg7 

LCD segment drivers. 

37 

Sign 

Positive sign segment driver. 

38 

Segz 

Annunciator driver selected by Az. 

39 

Segy 

Annunciator driver selected by Ay. 

40 


Annunciator driver selected by Ax. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Average Analog Input Current vs. 
Frequency and Common Mode Voltage 



Oscillator Frequency (kHz) 

0093-4 


Average Reference Input Current vs. 
Frequency and Common Mode Voltage 



Oscillator Frequency (kHz) 
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O TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Oscillator Frequency vs. Pin #6 Capacitor 



0 5 10 15 20 25 30 35 

Pin #6 Capacitance (pF) 

0093-6 


Backplane Output Impedance vs. 
Vds and Temperature 



0093-8 


Oscillator Frequency vs. Temperature 
and Supply Voltage 



Temperature {^C) 


0093-7 


Annunciator Input Threshold vs. 
Power Supply Voltage 
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Reference Bias Current vs. 



0093-10 
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FUNCTIONAL DESCRIPTION 

A functional diagram of the ICL7182 A/D converter is 
shown in Figure 2. The device operates on the cyclic con¬ 
verter principle implemented with switched capacitor ampli¬ 
fiers. Analog switches are closed sequentially by state ma¬ 
chine control logic to sample the input and perform a multi- 
ply-by-two and delay function. The sampled input charge is 
recirculated and compared to the reference to determine 
the weight of each bit. The sign is determined first and after 
18 cycles a 9-bit binary code is latched and the display is 
updated. 

Under normal operation the conversion requires 32 clock 
cycles and the display updates once every 2048 clock cy¬ 
cles. Before and during the conversion the supply current 
for the analog section increases from typically 300 jaA to 
1.3 mA and remains high for a total of 96 clock cycles. The 
operation proceeds as follows: 


Clock Cycle 

Operation 

0-96 

Supply current increases from 300 jmA to 

1.3 mA 

0-47 

Converter autozero begins 

48 

IN LO is sampled 

49 

IN HI is sampled 

50-70 

REF LO and REF HI are sampled once 
per clock cycle 

75-77 

Converter output is latched and display is 
updated 

96-2048 

Supply current decreases from 1.3 mA to 
300 jaA 

2048 

New conversion begins 


The changing supply current may result in a noisy reading 
if the supply dynamic impedance is high. This can be re¬ 
solved by using a supply bypass capacitor. 


Analog Inputs 

The analog and reference inputs are guaranteed to cor¬ 
rectly operate within the supply voltage. Both inputs will 
continue to function 200 mV to 400 mV outside of the sup¬ 
plies but the converter specifications degrade as the input 
protection diodes become forward biased. 

As the reference and analog inputs are sampled, tran¬ 
sient currents flow from the inputs to charge small Internal 
capacitors. 


These transient currents occur at the leading edge of the 
internal clock and decay at a rate determined by the input 
capacitance of the convertor and the source resistance. 
Source resistances larger than Rs given in the equation be¬ 
low will cause conversion errors. 


Rs (max) = 


1 

6 (Fosc) (Cin) 


Where: Fosc = Oscillator frequency 

Cin = 40 pF, typical input capacitance 
Rs = Source resistance 

Input Bypass Capacitor 

For source resistances larger than Rs above (typjcally 
80 kfi) bypass capacitors across the inputs will average 
these charging currents and cause a small DC current to 
flow through the output resistance of the analog and refer¬ 
ence source signals. The average input current is a function 
of the common mode voltage and the oscillator frequency 
(see typical graphs). This current is typically 2 nA for the 
analog input and 6 nA for the reference input. The effects of 
the voltage drops across source resistances, due to the av¬ 
erage value of input current, can be compensated by full- 
scale adjustment while the given source resistor and input 
bypass capacitor are in place. 

Reference Output 

The internal bandgap reference behaves like a 2.56V 
zener with the cathode tied to Vcc and the anode tied to 
VRout. The regulator circuitry maintains a low 1.3(1 output 
impedance for bias currents through the zener between 
90 jliA and 2 mA. At minimum supply voltage the internal 
20 kn resistor will provide 10 fiA of current sink into VRout. 
The minimum sink current may be increased by adding an 
external resistor from VRout to Vss- 

The reference is internally trimmed to within 1.5% of 
2.56V. The reference output can be externally divided (see 
Figure 3) to establish the full-scale Input. Two fixed value 
resistors with 1 % tolerance will relate to a system accuracy 
of 2% RMS. 

With VRout pin tied to ground the reference becomes a 
shunt supply regulator for the ICL7182. Connections for this 
application are shown in the EV kit schematic. Figure 6. 
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Display Drive 

The binary output of the A/D converter is encoded to 
drive 8 segments that serpentine across thirteen back¬ 
planes of an LCD display. The backplanes are driven with 
three level signals and the segment lines are driven with 
two level signals. The three levels of the backplane are set 
by the Vcc supply, the Vps supply, and the output of a 
voltage divider which is connected between Vcc and Vos- 
The two levels of the segment drive are set by the Vcc and 
Vds supplies. 

The bargraph takes advantage of the fact that above a 
particular segment ail segments will be off and below that 
segment all segments will be on, also that only one back¬ 
plane will have segments which are both on and off. The 
backplanes with all segments off are driven with an “off 
backplane” waveform, the backplanes with ail segments on 
are driven with an “on backplane” waveform, and the one 
backplane with both on and off segments Is driven with a 
“unique backplane” waveform. The off segments are driven 
with an off segment waveform and the on segments are 
driven with an on segment waveform with respect to the 
unique backplane. The sign segment and annunciator seg¬ 
ment drives are designed for use with respect to BP1. The 
phasing between display waveforms is shown in Figure 4. 



The LCD segments appear ON when the RMS voltage 
between the backplane and segment drives Is greater than 
the 90%-ON voltage of the LCD fluid, and they appear OFF 
when the RMS voltage is less than 10%-ON voltage of the 
LCD fluid. For the >2 multiplexed (duplex) waveforms used 
on the ICL7182 a 2.25:1 contrast ratio is achieved. 


Display Set Voltage 

The Vds Pin sets the peak-to-peak amplitude of the dis¬ 
play drive waveforms. This voltage should be selected to 
give maximum contrast for a particular LCD fluid type and 
temperature. Good contrast ratio is obtained if Vps is set 
within the range determined by the equation below. 

(1.27)(Vth9oo/J ^ (Vcc - Vds) ^ (2.26)(Vthio%) 

Where: VthgQo/o = 90% ON Visual Threshold 
Vthio% = 10% ON Visual Threshold 

For example the Hamlin Inc. type 02 LCD fluid has 
Vth 9 o% = 3.05V and Vthio% = 2.2V, therefore the best 
contrast Is achieved when Vcc ~ Vds is set between 3.9V 
and 5V. For most applications where Vcc is tied to a + 5V 
supply the Vds Pin can be tied to ground. 

To accommodate a large range of temperatures and fluid 
types the Vds Pin can be driven above or below Vss- The 
voltage difference between Vcc snd Vds can vary from 
from 3V to 7V. For Vcc ~ Vds isss than 3V the output 
impedance of the backplane drivers increase substantially. 
The dependence of display drive output impedance on Vds 
and temperature is shown in the typical performance 
curves. 
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70 
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Figure 5: Contrast vs. Applied RMS Voltage 
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Display Set Voltage (Continued) 



Temperature Effects and 
Temperature Compensation 

The performance of the 1C material is affected by temper¬ 
ature in two ways. The response time of the display to 
changes in applied RMS voltage gets longer as the display 
temperature drops. At very low temperatures (-20‘’C) some 
displays may take several seconds to change a new char¬ 
acter after the new information appears at the outputs. 
However, for most applications above O^C this will not be a 
problem with available multiplexed LCD materials, and for 
low-temperature applications, high-speed liquid crystal ma¬ 
terials are available. One high temperature effect to consid¬ 
er deals with plastic materials used to make the polarizer. 
Some polarizers become soft at high temperatures and per¬ 
manently lose their polarizing ability, thereby seriously de¬ 
grading display contrast. Some displays also use sealing 
materials unsuitable for high temperature use. Thus, when 
specifying displays the following must be kept in mind: liquid 
crystal material, polarizer, and seal materials. 

A more important effect of temperature is the variation of 
threshold voltage. For typical liquid crystal materials suit¬ 
able for multiplexing, the peak voltage has a temperature 
coefficient of -7 to -14 mV/“C. This means that as tem¬ 


perature rises, the threshold voltage goes down. Assuming 
a fixed value for Vp, when the threshold voltage drops be¬ 
low Vp/3 OFF segments begin to be visible. Figure 6 shows 
the temperature dependence of peak voltage for the same 
liquid crystal material of Figure 5. 

For applications where the display temperature does not 
vary widely, Vp may be set at a fixed voltage chosen to 
make the RMS OFF voltage, Vp/3, just below the threshold 
voltage at the highest temperature expected. This will pre¬ 
vent OFF segments turning ON at high temperature (this at 
the cost of reduced contrast for ON segments at low tem¬ 
peratures). 

For applications where the display temperature may vary 
to wider extremes, the display voltage Vpisp (and thus Vp) 
may require temperature compensation to maintain suffi¬ 
cient contrast without OFF segments becoming visible. 

Display Voltage and Temperature 
Compensation 

These circuits allow control of the display peak voltage by 
bringing the bottom of the voltage divider resistor string out 
at pin 15. The simplest means for generating a display volt¬ 
age suitable to a particular display is to connect a potenti¬ 
ometer from pin 15 to Vss as shown in Figure 7. A potenti¬ 
ometer with a maximum value of 100 kH should give suffi¬ 
cient range of adjustment to suit most displays. This method 
for generating display voltage should be used only in appli¬ 
cations where the temperature of the chip and display won’t 
vary more than ±5“C (±9“F), as the resistors on the chip 
have a positive temperature coefficient, which will tend to 
increase the display peak voltage with an increase in tem¬ 
perature. The display voltage also depends on the power 
supply voltage, leading to tighter tolerances for wider tem¬ 
perature ranges. 
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Display Set Voltage (Continued) 


200kQ 

POTENTIOMETER 



Figure 8A: Temperature compensation and contrast adjustment for LCD fiuid types which have visuai 
threshoid tempcos of-10 mV/°C and operate with 3V to 4.0V. 



Figure 8B: Generating a negative suppiy from + 5V to drive the dispiay voitage pin beiow ground. This 
aiiows use of wide temperature LCD fiuids which require peak-peak dispiay drives of 3.5V to 7V. For LCD 

fiuids which have threshoid tempcos of-8 mV/X the coiiector of Q1 and 200 kH resistor shouid be tied 

to Vrout> for iarger threshoid tempcos of-16 mV/°C this point shouid be tied to Vcc- 



0093-18 

Figure 9: Conceptuaiiy a fiexibie LCD contrast and temperature compensation 
using an iCL7664 can be designed in this manner. This technique aiiows adjusting 
the dispiay voitage and temperature compensation independentiy. 
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Display Layout 

Custom displays developed for the ICL7182 need to be 
arranged such that the 8 segment lines serpentine across 
13 backplanes. The annunciators and first eight data seg¬ 
ments share a common backplane (BP1). An example lay¬ 
out is shown in Figure 10. This 1.3" by 4.5" display is avail¬ 
able from Hamlin Inc. (part # 4464-363-921) for prototyping 
and evaluation. 


Custom Display 
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APPLICATIONS 


^'4.7^F 
1S0k 200k 


TO DISPLAY 
BACKPLANES 


• 


T5 

SEGx 

Ax 

SEGy 

Ay 

SEGz 

Az 

SIGN 

T1 

SEG7 

OSC 

SEG6 

VCC 

SEG5 

Vrout 

SEG4 

REF HI 

SEG3 

REFLO 

SEG2 

IN HI 

SEG1 

INLO 

SEGO 

COMMON 

BP1 

VSS 

BP 2 

VDS 

BP 3 

BP13 

BP 4 

BP12 

BPS 

BP11 

BPS 

BP10 

BP 7 

BP9 

BPS 


TO 

DISPLAY 


Figure 11:7182 using the internal reference. Values shown are for 1.00V full-scale, 1% adjustment 
sensitivity, 24 readings per second, 6V floating supply (four stacked 1.5V dry cells). 


+ 6VTO+16V 


SK 33K 


TO DISPLAY 
BACKPLANES 


Figure 12:7182 using the internal reference and ICL7660 as a supply regulator. 
This allows sensing ground reference bipolar inputs with a single + 5V supply. 
Values shown for 1.00V full-scale, 0.25% adjustment sensitivity. 


• 


T5 

SEGx 

Ax 

SEGy 

Ay 

SEGz 

Az 

SIGN 

T1 

SEG7 

OSC 

SEGS 

VCC 

SEG5 

Vrout 

SEG4 

REF HI 

SEG3 

REFLO 

SEG2 

IN HI 

SEG1 

INLO 

SEGO 

COMMON 

BP1 

VSS 

BP 2 

VDS 

BP 3 

BP13 

BP 4 

BP12 

BPS 

BP11 

BPS 

BP10 

BP 7 

BPS 

BPS 
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APPLICATIONS (Continued) 



TO LCD 
, DECIMAL 
> POINTS 
ANNUNCIATORS, 
ETC. 


Figure 13: Using Exciusive ‘OR’ Gate for additional annunciator drivers. 
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APPLICATIONS (Continued) 
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APPLICATIONS (Continued) 
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Section 3 


— A/D Converters 

juP Type 


ADC0802.3-1 

ADC0803.3-1 

ADC0804.3-1 

ICL7104/ICL8052 .3-19 

ICL7104/ICL8068 .3-19 

ICL7109.3-39 

ICL7112.3-58 

ICL7115.3-60 

ICL7135.3-74 













ADC0802-ADC0804 

8-Bit uP-Compatible 
A/D Converters 

GENERAL DESCRIPTION 

The ADC0802 family are CMOS 8-bit successive approxi¬ 
mation A/D converters which use a modified potentiometric 
ladder, and are designed to operate with the 8080A control 
bus via three-state outputs. These converters appear to the 
processor as memory locations or I/O ports, and hence no 
interfacing logic is required. 

The differential analog voltage input has good common- 
mode-rejection, and permits offsetting the analog zero-in- 
put-voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt¬ 
age span to the full 8 bits of resolution. 


ORDERING INFORMATION 



FEATURES 

• 80C48 and 80C80/85 Bus Compatible — No 
Interfacing Logic Required 

• Conversion Time<100jLis 

• Easy Interface to Most Microprocessors 

• Will Operate in a “Stand Alone” Mode 

• Differential Analog Voltage Inputs 

• Works With Bandgap Voltage References 

• TTL Compatible Inputs and Outputs 

• On-Chip Clock Generator 

• OV to 5V Analog Voltage Input Range (Single + 5V 
Supply) 

• No Zero-Adjust Required 


Part 

Number 

Error 

Temperature 

Range 

Package 

ADC0802LCN 

± Va bit no adjust 

0"Cto +70"C 

20 pin Plastic DIP 

ADC0802LCD 

± 3/4 bit no adjust 

-40'’Cto +85*C 

20 pin CERDIP 

ADC0802LD 

± 1 bit no adjust 

-55"Cto +125‘’C 

20 pin CERDIP 

ADC0803LCN 

± Va bit adjusted full-scale 

0"Cto +70“C 

20 pin Plastic DIP 

ADC0803LCD 

± 3/4 bit adjusted full-scale 

-40“Cto +85“C 

20 pin CERDIP 

ADC0803LD 

± 1 bit adjusted full-scale 

-55“Cto +125“C 

20 pin CERDIP 

ADC0804LCN 

± 1 bit no adjust 

0*Cto +70“C 

20 pin Plastic DIP 

ADC0804LCD 

± 1 bit no adjust 

-40^0 to +85^*0 

20 pin CERDIP 



cs |T 


^ V+ORVref 

RD |T 


CLKR 



ii] DBo(LSB) 

CLKIN [T 


17 ] DBi 

INTR |T 

AOC0802- 

^ OB 2 

V1n(+) |T 

ADC08O4 

^ OB 3 

VlN(-) [7 


^ OB 4 

AQNO [T 


^ OBs 

Vref/2 |T 


^ DBe 

OQND 


^ OB 7 (MSB) 


(Outline dwg. CD, CN) 
Figure 2: Pin Configuration 
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ADC0802-ADC0804 
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ABSOLUTE MAXIMUM RATINGS OPERATING RATINGS 


Supply Voltage .6.5V 

Voltage at Any Input .-0.3V to (V+4-0.3V) 

Storage Temperature Range.-65®Cto T-ISO^C 

Package Dissipation at Ta= + 25“C . 875mW 

Lead Temperature (Soldering, tOsec) . 300“C 


Temperature Range 

ADC0802/03LD.-SS^Cto +125“C 

ADC0802/03/04LCD .-40“Cto+85°C 

ADC0802/03/04LCN .0“Cto4-70“C 

Supply Voltage Range .4.5V to 6.3V 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Notesland7) 

Converter Specifications: V+ =5V, Vref/2 = 2.500V, Ta= +25“C and fcLK=640kHz unless otherwise stated. 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

ADC0802: 

Total Unadjusted Error 

Completely Unadjusted 



±Vz 

LSB 

ADC0803: 

Total Adjusted Error 

With Full Scale Adjust 



±V2 


ADC0804: 

Total Unadjusted Error 

Completely Unadjusted 



±1 


Vref/ 2 Input Resistance 

Input Resistance at Pin 9 

1.0 

1.3 



Analog Input Voltage Range 

(Note 2) 

GND-0.05 


V++0.05 

V 

DC Common-Mode Rejection 

Over Analog Input Voltage Range 


±yi6 

±y8 

LSB 

Power Supply Sensitivity 

V + = 5V ±10% Over Allowed 

Input Voltage Range 


± yi6 

±y8 

LSB 


Converter Specifications: v+ = 6V, Vref/2 = 2.500V, o"C ^ Ta ^ +70“C and Iclk = 640 rhz unless otherwise 
stated. 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

ADC0802: 

Total Unadjusted Error 

Completely Unadjusted 



±y2 

LSB 

ADC0803: 

Total Adjusted Error 

With Full Scale Adjust 



±y2 

LSB 

ADC0804: 

Total Unadjusted Error 

Completely Unadjusted 



±1 


Vref/ 2 Input Resistance 

Input Resistance at Pin 9 

1.0 

1.3 



Analog Input Voltage Range 

(Note 2) 

GND-0.05 


V++0.05 

■■ 

DC Common-Mode Rejection 

Over Analog Input Voltage Range 


±yi6 

±y8 


Power Supply Sensitivity 

V+ =5V ±10% Over Allowed 

Input Voltage Range 


± yi6 

±y4 

LSB 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Converter Specifications: v+ = sv, Vref/2 = 2 . 500 V, -25°c ^ Ta ^ +85°c and fcLK = 640 kHz unless 

Otherwise stated. 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

ADC0802: 

Total Unadjusted Error 

Completely Unadjusted 





ADC0803: 

Total Adjusted Error 

With Full Scale Adjust 





ADC0804: 

Total Unadjusted Error 

Completely Unadjusted 


■1 

±1 


Vref/ 2 Input Resistance 

Input Resistance at Pin 9 

1.0 

1.3 



Analog Input Voltage Range 

(Note 2) 

GND-0.05 


V++0.05 

V 

DC Common-Mode Rejection 

Over Analog Input Voltage Range 


iVs 

1+ 


Power Supply Sensitivity 

V + = 5V ± 10% Over Allowed 

Input Voltage Range 


±yi6 

±y8 

LSB 


Converter Specifications: v+ =5V,Vref/2 = 2.5oov,-ss'c^Ta^ + i25°c and fcLK = 640 khz unless 
Otherwise stated. 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

ADC0802: 

Total Unadjusted Error 

Completely Unadjusted 


■ 

±1 

LSB 

ADC0803: 

Total Adjusted Error 

With Full Scale Adjust 



±1 

LSB 

ADC0804: 

Total Unadjusted Error 

Completely Unadjusted 




LSB 

Vref/ 2 Input Resistance 

Input Resistance at Pin 9 

1.0 

1.3 



Analog Input Voltage Range 

(Note 2) 

GND-0.05 


V++0.05 

V 

DC Common-Mode Rejection 

Over Analog Input Voltage Range 


±y8 

±y4 


Power Supply Sensitivity 

V+ = 5V ±10% Over Allowed 

Input Voltage Range 


±y8 

±y4 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DC ELECTRICAL CHARACTERISTICS 

Digital Levels and DC Specifications: v+=5v and Tmin^Ta^Tmax. unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 



CONTROL INPUTS (Note 6) 

V|NH 

Logical “1” Input Voltage 
(Except Pin 4 CLK IN) 

V+= 5.25 V 

2.0 


V+ 

V 

ViNL 

Logical “0” Input Voltage 
(Except Pin 4 CLK IN) 

V+= 4.75V 





v+ CLK 

CLK IN (Pin 4) Positive Going 
Threshold Voltage 


2.7 

3.1 

3.5 


V" CLK 

CLK IN (Pin 4) Negative Going 
Threshold Voltage 


1.5 

1.8 

2.1 


Vh 

CLK IN (Pin 4) Hysteresis 
(VCLK'^)-(VCLK") 


0.6 

1.3 

2.0 

V 

•iNHI 

Logical “1” Input Current 
(All Inputs) 

< 

z 

II 

CJl 

< 


0.005 

1 


•iNLO 

Logical “0” Input Current 
(All Inputs) 

> 

o 

II 

z 

> 

-1 




I + 

Supply Current (Includes 

Ladder Current) 

fCLK = 640kHz, 
Ta=+ 25*C andCS=HI 






DC ELECTRICAL CHARACTERISTICS 

Digital Levels and DC Specifications: V+=5V and Tmin<Ta^Tmax< unless otherwise noted. (Continued) 


Symboi 

Parameter 

Test Conditions 

Min 

Typ 



DATA OUTPUTS AND iNTR 

Vql 

Logical “0” Output Voltage 

lo= 1.6mA 

V+= 4.75 V 


■■ 


D 

Vqh 

Logical “1” Output Voltage 

lo= — 360juiA 

V+= 4.75V 

2.4 



D 

Ilo 

3-State Disabled Output 

VouT = 0V 

-3 





Leakage (All Data Buffers) 

VoUT = 6V 



3 


ISOURCE 

Output Short Circuit Current 

Vqut Short to Gnd Ta= + 25“C 

4.5 

6 



■sink 

Output Short Circuit Current 

VouT Short to V+ Ta= + 25“C 

9.0 

16 




NOTES: 1. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the DGND, being 
careful to avoid ground loops. 

2. For V|N(-)^ V|N( 4 .) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful, during testing at low V+ 
levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog 
inputs near full-scale. As long as the analog V|n does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an 
absolute OV to 5V input voltage range will therefore require a minimum supply voltage of 4.950V over temperature variations, initial tolerance and 
loading. 

3. With V + =6V, the digital logic interfaces are no longer TTL compatible. 

4. Withasynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. 

5. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold the 
converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 

6. CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately. 

7. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than O.OV, or if a narrow fuil-scale span 
exists (for example: 0.5V to 4.0V full-scale) the V|N(-) input can be adjusted to achieve this. See Zero Error on page 10 of this data sheet. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ADC0802-ADC0804 raiMuH^DIL 

AC ELECTRICAL CHARACTERISTICS 

Timing Specifications: V + = SV and Ta + 25°C unless otherwise stated. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Logic input Threshoid Voitage 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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UNDERSTANDING A/D ERROR SPECS 

A perfect A/D transfer characteristic (staircase wave¬ 
form) is shown In Figure 6a. The horizontal scale is analog 
input voltage and the particular points labeled are in steps 
of 1LSB (19.53mV with 2.5V tied to the Vref/ 2 pin). The 
digital output codes which correspond to these inputs are 
shown as D -1, D, and D +1. For the perfect A/D, not only 
will center-value (A-1,A,A-1-1, . . .) analog inputs pro¬ 
duce the correct output digital codes, but also each riser 
(the transitions between adjacent output codes) will be lo¬ 
cated iVa LSB away from each center-value. As shown, 
the risers are ideal and have no width. Correct digital output 
codes will be provided for a range of analog input voltages 
which extend ± Va LSB from the ideal center-values. Each 
tread (the range of analog input voltage which provides the 
same digital output code) is therefore 1 LSB wide. 


The error cun/e of Figure 6b shows the worst case trans¬ 
fer function for the ADC0802. Here the specification guaran¬ 
tees that if we apply an analog input equal to the LSB ana¬ 
log voltage center-value, the A/D will produce the correct 
digital code. 

Next to each transfer function is shown the correspond¬ 
ing error plot. Notice that the error includes the quantization 
uncertainty of the A/D. For example, the error at point 1 of 
Figure 6a is + LSB because the digital code appeared Va 
LSB in advance of the center-value of the tread. The error 
plots always have a constant negative slope and the abrupt 
upside steps are always 1 LSB in magnitude, unless the de¬ 
vice has missing codes. 
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FUNCTIONAL DESCRIPTION 

A functional diagram of the ADC0802 series of A/D con¬ 
verters is shown in Figure 3. All of the package pinouts are 
shown and the major logic control paths are drawn in heavi- 
er-weight lines. The device operates on the successive ap¬ 
proximation principle (see APPLICATION NOTE A016 and 
A020 for a more detailed description of this principle). Ana¬ 
log switches are closed sequentially by successive-approxi¬ 
mation logic until the analog differential input voltage 
IVin(+)“V|n(_)] matches a voltage derived from a tapped 
resistor string across the reference voltage. The most sig¬ 
nificant bit is tested first and after 8 comparisons (64 clock 
cycles), an 8-bit binary code (1111 1111 = full-scale) is 
transferred to an output latch. 

The normal operation proceeds as follows. On the hlgh- 
to-low transition of the WR input, the internal SAR l atches 
and the shift-register stages are reset, and the INTR output 
will be set high. As long as the CS input and WR input re¬ 
main low, the A/D will remain in a reset state. Conversion 
will start from 1 to 8 clock periods after at least one of 
these inputs makes a low-to-high transition. After the 
requisite number of clock pulses to complete the conver¬ 
sion, the INTR pin will make a high-to-low transition. This 
can be used to interrupt a processor,_or^otherwise signal the 
availability of a n ew co nversion. A RD operation (with CS 
low) will clear the INTR line high again. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS = 0. To ensure start-up under all pos¬ 
sible conditions, an external WR pulse is required during the 
first power-up cycle. A conversion-in-process can be inter¬ 
rupted by issuing a second start command. 

Digital Details 

The converter is started by having C§ and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result¬ 
ing “1” level resets the 8-bit shift register, resets the Inter¬ 
rupt (INTR) F/F and inputs a “1” to the D flip-flop, DFF1, 
which is at the input end of the 8-bit shift register. Internal 
clock signals then transfer this “1” to the Q output of DFF1. 
The AND gate, G1, combines this “1” output with a clock 
signal to provide a reset signal to jthe start F/F. If the set 
signal is no longer present (either WR or C§ is a “1”), the 
start F/F is reset and the 8-bit shift register then can have 
the “1” clocked in, which starts the conversion process. If 
the set signal were to still be present, this reset pulse would 
have no effect (both outputs of the start F/F would be at a 
"1” level) and the 8-bit shift register would continue to be 
held in the r eset mode. This allows for asynchronous or 
wide CS and WR signals. 

After the “1” Is clocked through the 8-blt shift register 
(which completes the SAR operation) It appears as the in¬ 
put to DFF2. As soon as this “1 ” is output from the shift 
register, the AND gate, G2, causes the new digital word to 
transfer to the 3-stat^output latches. When DFF2 is subse¬ 
quently clocked, the Q output makes a high-to-low transition 
which cause s the INTR F/F to set. An inverting buffer then 
supplies the INTR output signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 3- 
state output latches will be enabled to provide the 8-bit digi¬ 
tal outputs. 



Digital Control Inputs 

The digital control inputs (5S, RD, and WR) meet stan- 
dard TTL logic voltage levels. These signals are essentially 
equivalent to the standard A/D Start and Output Enable 
control signals, and are active low to allow an easy interface 
to microprocessor control busses. For non-microprocessor 
based applications, the ^ input (pin 1) can be grounded 
and the standard A/D Start function obtained by an active 
low pulse at the WR input (pin 3). The Output Enable func¬ 
tion is achieved by an active low pulse at the RD Input (pin 
2). 

Analog Operation 

The analog comparisons are performed by a capacitive 
charge summing circuit. Three capacitors (with precise ra- 
tioed values) share a common node with the input to an 
auto-zeroed comparator. The input capacitor is switched 
between V|n(+) and V|N(_), while two ratioed reference ca¬ 
pacitors are switched between taps on the reference volt¬ 
age divider string. The net charge corresponds to the 
weighted difference between the input and the current total 
value set by the successive approximation register. A cor¬ 
rection is made to offset the comparison by Vi LSB (see 
Figure 6a). 

Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This A/D gains considerable applications flexibility from 
the analog differential voltage Input. The V||si(_) Input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is aiso useful in 
4mA - 20mA current loop conversion, in addition, common¬ 
mode noise can be reduced by use of the differential input. 

The time interval between sampling V|N(+) and V|N(~\ is 
41/2 clock periods. The maximum error voltage due to tnis 
slight time difference between the input voltage samples is 
given by: 

AVe(MAX) = (Vp){2irtom)[^] 

where: 

AVe is the error voltage due to sampling delay 

Vp is the peak value of the common-mode voltage 

fcm is the common-mode frequency 

For example, with a 60Hz common-mode frequency, fcm. 
and a 640kHz A/D clock, fciK. keeping this error to % LSB 
(~5mV) would allow a common-mode voltage, Vp, given 
by: 

[AVe(MAX)(fcLK)l 
” (2.rfom)(4.5) 

or 

_ (5x10-3) (640X103) ^ 

P (6.28) (60) (4.5) 

The aliowed range of analog input voitage usuaiiy places 
more severe restrictions on input common-mode voitage 
levels than this. 

An analog input voltage with a reduced span and a rela¬ 
tively large zero offset can be easily handled by making use 
of the differential input (see Reference Voitage Span Ad- 
lust). 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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Analog Input Current 

The internal switching action causes displacement cur¬ 
rents to flow at the analog inputs. The voltage on the on- 
chip capacitance to ground is switched through the analog 
differential input voltage, resulting in proportional currents 
entering the V|n(+) input and leaving the V|N(-) input. 
These current transients occur at the leading edge of the 
internal clocks. They rapidly decay and do not inherently 
cause errors as the on-chip comparator is strobed at the 
end of the clock period. 

Input Bypass Capacitors 

Bypass capacitors at the inputs will average these 
charges and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions with 
the V|(M(+) input voltage at full-scale. For a 640kHz clock 
frequency with the V|n(+) input at 5V, this DC current is at a 
maximum of approximately SjutA. Therefore, bypass capac¬ 
itors should not be used at the analog Inputs or the 
Vref/ 2 pin for high resistance sources (>1kll). If input by¬ 
pass capacitors are necessary for noise filtering and high 
source resistance is desirable to minimize capacitor size, 
the effects of the voltage drop across this input resistance, 
due to the average value of the input current, can be com¬ 
pensated by a full-scale adjustment while the given source 
resistor and input bypass capacitor are both in place. This is 
possible because the average value of the input current is a 
precise linear function of the differential input voltage at a 
constant conversion rate. 

Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors since the input 
currents settle out prior to the comparison time. If a low- 
pass filter is required in the system, use a low-value series 
resistor (:^ 1 kH) for a passive RC section or add an op amp 
RC active low-pass filter. For low-source-resistance applica¬ 
tions, (^1kfl), a O.ljaF bypass capacitor at the inputs will 
minimize EMI due to the series lead Inductance of a long 
wire. A 10OH series resistor can be used to isolate this ca¬ 
pacitor (both the R and C are placed outside the feedback 
loop) from the output of an op amp, if used. 

stray Pickup 

The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize stray signal pickup 
(EMI). Both EMI and undesIred digital-clock coupling to 
these inputs can cause system errors. The source resist¬ 
ance for these Inputs should, in general, be kept below 5kft. 
Larger values of source resistance can cause undesired sig¬ 
nal pickup. Input bypass capacitors, placed from the analog 
inputs to ground, will eliminate this pickup but can create 
analog scale errors as these capcitors will average the tran¬ 
sient input switching currents of the A/D (see Analog Input 
Current). This scale error depends on both a large source 
resistance and the use of an input bypass capacitor. This 
error can be compensated by a full-scale adjustment of the 
A/D (see Full-Scale Adjustment) with the source resist¬ 
ance and input bypass capacitor in place, and the desired 
conversion rate. 


Reference Voltage Span Adjust 

For maximum application flexibility, these A/Ds have 
been designed to accommodate a 5V, 2.5V or an adjusted 
voltage reference. This has been achieved in the design of 
the IC as shown in Figure 7. 



Notice that the reference voltage for the IC is either of 
the voltage which is applied to the V+ supply pin, or is 
equal to the voltage which is externally forced at the Vref/ 
2 pin. This allows for a pseudo-ratiometric voltage reference 
using, for the V+ supply, a 5V reference voltage. Alterna¬ 
tively, a voltage less than 2.5V can be applied to the Vref/ 
2 Input. The internal gain to the Vref/ 2 input is 2 to allow 
this factor of 2 reduction in the reference voltage. 

Such an adjusted reference voltage can accommodate a 
reduced span or dynamic voltage range of the analog input 
voltage. If the analog input voltage were to range from 0.5V 
to 3.5V, instead of OV to 5V, the span would be 3V. With 
0.5V applied to the V||sj(_) pin to absorb the offset, the ref¬ 
erence voltage can be made equal to Va of the 3V span or 
1.5V. The A/D now will encode the V(ivi(+) signal from 0.5V 
to 3.5V with the 0.5V input corresponding to zero and the 
3.5V Input corresponding to full-scale. The full 8 bits of reso¬ 
lution are therefore applied over this reduced analog input 
voltage range. The requisite connections are shown in Fig¬ 
ure 8. For expanded scale inputs, the circuits of Figures 9 
and 10 can be used. 
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digital output code. In absolute conversion applications, 
both the initial value and the temperature stability of the 
reference voltage are important accuracy factors in the op¬ 
eration of the A/D converter. For Vref/ 2 voltages of 2.5V 
nominal value, Initial errors of ± 10mV will cause conversion 
errors of ± 1LSB due to the gain of 2 of the Vref/ 2 input. In 
reduced span applications, the initial value and the stability 
of the Vref/ 2 input voltage become even more Important. 
For example, if the span is reduced to 2.5V, the analog 
input LSB voltage value is correspondingly reduced from 
20mV (5V span) to 10mV and 1LSB at the Vref/ 2 input 
becomes 5mV. As can be seen, this reduces the allowed 
initial tolerance of the reference voltage and requires corre¬ 
spondingly less absolute change with temperature varia¬ 
tions. Note that spans smaller than 2.5V place even tighter 
requirements on the initial accuracy and stability of the ref¬ 
erence source. 

in general, the reference voltage will require an initial ad¬ 
justment. Errors due to an improper value of reference volt¬ 
age appear as full-scale errors in the A/D transfer function. 
IC voltage regulators may be used for references if the am¬ 
bient temperature changes are not excessive. 

Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V||m(min). <s not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input volt¬ 
age by biasing the A/D V|n(_) input at this V|N(min) value 
(see Applications section), this utilizes the differential 
mode operation of the A/D. 

The zero error of the A/D converter relates to the loca¬ 
tion of the first riser of the transfer function and can be 
measured by grounding the V|n{-) input and applying a 
small magnitude positive voltage to the V|n(+) input. Zero 
error is the difference between the actual DC Input voltage 
which is necessary to just cause an output digital code tran¬ 
sition from 0000 0000 to 0000 0001 and the ideal LSB 
value (Vz LSB = 9.8mV for Vref/2 = 2.500V). 

Full-Scale Adjust 

The full-scale adjustment can be made by applying a dif¬ 
ferential input voltage which is 1 Va LSB down from the de¬ 
sired analog full-scale voltage range and then adjusting the 
magnitude of the Vref/ 2 input (pin 9) for a digital output 
code which is just changing from 1111 1110 to 1111 1111. 
When offsetting the zero and using a span-adjusted Vref/ 2 
voltage, the full-scale adjustment is made by inputting Vmin 
to the V|N(_) input of the A/D and applying a voltage to the 
V|N(+) input which is given by: 

where: 

VMAX==fhe h'Qh end of the analog input range 
and 

Vmin = the low end (the offset zero) of the analog range. 
Reference Accuracy Requirements (Both are ground referenced.) 

The converter can be operated in a pseudo-ratiometric 
mode or an absolute mode. In ratiometric converter applica¬ 
tions, the magnitude of the reference voltage is a factor in 
both the output of the source transducer and the output of 
the A/D converter and therefore cancels out in the final 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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Clocking Option 

The clock for the A/D can be derived from an external 
source such as the CPU clock or an external RC network 
can be added to provide self-clocking. The CLK IN (pin 4) 
makes use of a Schmitt trigger as shown in Figure 11. 

Heavy capacitive or DC loading of the CLocK R pin 
should be avoided as this will disturb normal converter oper¬ 
ation. Loads less than 50pF, such as driving up to 7 A/D 
converter clock inputs from a single CLK R pin of 1 convert¬ 
er, are allowed. For larger clock line loading, a CMOS or low 
power TTL buffer or PNP input logic should be used to mini¬ 
mize the loading on the CLK R pin (do not use a standard 
TTL buffer). 


Restart During a Conversion 

If the A/D is restarted (CS and WR go low and return 
high) during a conversion, the converter is reset and a new 
conversion is started. The output data latch is not updated if 
the conversion in progress is not completed. The data from 
the previous conversion remain in this latch. 

Continuous Conversions 

In this application , the CS input is grounded and th e WR 
input is tied to the INTR output. This WR and INTR node 
should be momentarily forced to logic low following a pow¬ 
er-up cycle to insure circuit operation. See Figure 12 for 
details. 
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Figure 12: Free-Running Connection 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


3-13 


ADC0802-ADC0804 





ADC0802-ADC0804 


ADC0802-ADC0804 


Driving the Data Bus 

This CMOS A/D, like MOS microprocessors and memo¬ 
ries, will require a bus driver when the total capacitance of 
the data bus gets large. Other circuitry, which is tied to the 
data bus, will add to the total capacitive loading, even in 3- 
state (high-impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 

There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (see Typi¬ 
cal Performance Characteristics). 

At higher CPU clock frequencies time can be extended 
for I/O reads (and/or writes) by inserting wait states (8080) 
or using clock-extending circuits (6800). 

Finally, if time is short and capacitive loading is high, ex¬ 
ternal bus drivers must be used. These can be 3-state buff¬ 
ers (low power Schottky is recommended, such as the 
74LS240 series) or special higher-drive-current products 
which are designed as bus drivers. High-current bipolar bus 
drivers with PNP inputs are recommended. 

Power Supplies 

Noise spikes on the V+ supply line can cause conversion 
errors as the comparator will respond to this noise. A low-ln- 
ductance tantalum filter capacitor should be used close to 
the converter V+ pin, and values of IjnF or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate 5V voltage regulator for the converter 
(and other analog circuitry) will greatly reduce digital noise 
on the V + supply. An ICL7663 can be used to regulate such 
a supply from an input as low as 5.2V. 

Wiring and Hook-Up Precautions 

Standard digital wire-wrap sockets are not satisfactory for 
breadboarding with this A/D converter. Sockets on PC 
boards can be used. Ail logic signal wires and leads should 
be grouped and kept as far away as possible from the ana¬ 
log signal leads. Exposed leads to the analog inputs can 
cause undesired digital noise and hum pickup; therefore, 
shielded leads may be necessary in many applications. 

A single-point analog ground should be used which is 
separate from the logic ground points. The power supply 
bypass capacitor and the self-clocking capacitor (if used) 
should both be returned to digital ground. Any Vref/ 2 by¬ 
pass capacitors, analog input filter capacitors, or input sig¬ 
nal shielding should be returned to the analog ground point. 
A test for proper grounding is to measure the zero error of 
the A/D converter. Zero errors in excess of Va LSB can 
usually be traced to Improper board layout and wiring (see 
Zero Error for measurement). Further information can be 
foundinA018. 
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TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with 
testing an A/D converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEDs to display the resulting digital output code as 
shown in Figure 13. 

For ease of testing, the Vref/ 2 (pin 9) should be supplied 
with 2.560V and a V+ supply voltage of 5.12V should be 
used. This provides an LSB value of 20mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090V (5.120 - 11/2 LSB) should be applied to 
the V|N(+) pin with the V|n(-) pin grounded. The value of 
the Vref/2 input voltage should be adjusted until the digital 
output code is just changing from 1111 1110 to 1111 1111. 
This value of Vref/2 should then be used for all the tests. 



The digital-output LED display can be decoded by divid¬ 
ing the 8 bits into 2 hex characters, one with the 4 most-sig¬ 
nificant bits (MS) and one with the 4 least-significant bits 
(LS). The output is then interpreted as a sum of fractions 
times the full-scale voltage: 

V0UT=(^+g)(5.12)V. 
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For example, for an output LED display of 1011 0110, the 
MS character is hex B (decimal 11) and the LS character is 
hex (and decimal) 6, so 

''°"T=(^i+Ji)(5-12) = 3.64V. 

Figures 14 and 15 show more sophisticated test circuits. 



Figure 14: A/D Tester with Anaiog Error Output. 

This circuit can be used to generate “error plots” of 
Figure 6. 



APPLICATIONS 

Interfacing 8080/85 or Z-80 
Microprocessors 

This converter has been designed to directly interface 
with 8080/85 or Z-80 Microprocessors. The 3-state output 
capability of the A/D eliminates the need for a peripheral 
interface device, although address decoding is still required 
to generate the appropriate CS for the converter. The A/D 
can be mapped into memory space (u sing sta ndard memo- 
ry-address decoding for CS and the MEMR and MEMW 
stro bes) o r it can be controlled as an I/O device by using 
the I/O R and I/O W strobes and decoding the address bits 
AO —> A7 (or address bits A8 —> A15, since they will 
contain the same 8-bit address information) to obtain the 
CS input. Using the I/O space provides 256 additional ad¬ 
dresses and may allow a simpler 8-bit address decoder, but 
the data can only be input to the accumulator. To make use 
of the additional memory reference instructions, the A/D 
should be mapped into memory space. See A020 for more 
discussion of memory-mapped vs I/O-mapped interfaces. 
An example of an A/D in I/O space is shown in Figure 16. 


The standard control-bus signals of the 8080 (CS, RD 
and WR) can be directly wired to the digital control inputs of 
the A/D, since the bus timing requirements, to allow both 
starting the converter, and outputting the data onto the data 
bus, are met. A bus driver should be used for larger micro¬ 
processor systems where the data bus leaves the PC board 
and/or must drive capacitive loads larger than 10OpF. 

It is useful to note that in systems where the A/D convert¬ 
er is 1 of 8 or fewer I/O-mapped devices, no address-de- 
coding circuitry is necessary. E^ of the 8 address bits (AO 
to A7) can be directly used as CS inputs, one for each I/O 
device. 

interfacing the Z-80 and 8085 

The Z-80 and 8085 control buses are slightly different 
from that of the 8080. General RD and WR st robes are 
provided and separate memory request, MREQ, and I/O 
request, lORQ, signals have to be combined with the gener¬ 
alized strobes to provide the appropriate signals. An advan¬ 
tage of operating the A/D in I/O space with the Z-8l^ that 
tli^CPU will automatically insert one wait state (the RD and 
WR strobes are extended one clock period) to allow more 
time for the I/O devices to respond. Logic t o map the A/D 
in I/O sp ace is shown in Figure 17. By using MREQ in place 
of lORQ, a memory-mapped configuration results. 

Additional I/O advantages exist as software DMA rou¬ 
tines are available and use can be made of the output data 
transfer which exists on the upper 8 address lines (A8 to 
A15) during I/O input instructions. For example, MUX chan¬ 
nel selection for the A/D can be accomplished with this 
operating mode. 

The 8085_also provides a generalized TO and WR strobe, 
with an lO/M line to distinguish I/O and memory requ^ts. 
The circ uit of Figure 17 can again be used, with lO/M in 
place of lORQ for a memory-mapped interfacej_and an ex¬ 
tra inverter (or the logic equivalent) to provide 10/M for an 
I/O-mapped connection. 

Interfacing 6800 Microprocessor 

Derivatives 

(6502, etc.) 

The control busjor the 6800 microprocessor derivatives 
does not use the_RD and WR strobe signals. Instead it em¬ 
ploys a single R/W line and additional timing, if needed, can 
be derived from the (j>2 clock. All I/O devices are memory- 
mapped in the 6800 system, and a special signal, VMA, 
indicates that the current address is valid. Figure 16 shows 
an Interface schematic where the A/D is memory-mapped 
in the 6800 system. For simplicity, the CS decoding is 
shown using Va DM8092. Note that in many 6800 systems, 
an already decoded % line is brought out to Jhe common 
bus at pin 21. This can be tied directly to the CS pin of the 
A/D, provided that no other devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 

In Figure 19 the ADC0802 series is interfaced to the 
MC6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC6820_or MC6821 Peripheral Interface 
Adapter (PIA). Here the CS pin of the A/D is grounded since 
the PIA is already memory-mapped in the MC6800 system 
and no CS decoding is necessary. Also notice that the A/D 
output data lines are connected to the microprocessor bus 
under program control through the PIA and therefore the A/ 
D RD pin can be grounded. 
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Note: Pin numbers for 8228 system controller: others are 8080A 

Figure 16: ADC0802 to 8080A CPU interface 
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APPLICATION NOTES 

Some applications bulletins that may be found useful are 

listed here: 

A016 “Selecting A/D Converters,” by Dave Fullagar. 

A018 “Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A020 “A Cookbook Approach to High Speed Data Acqui¬ 
sition and Microprocessor Interfacing,” by Ed Sliger. 

A030 “The ICL7104 — A Binary Output A/D Converter for 
Microprocessors,” by Peter Bradshaw. 

R005 “Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al. Electronics, Dec. 9, 1976. 
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Figure 17: Mapping the A/D as an I/O device for 
use with the Z-80 CPU 
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*Note 1: Numbers in parentheses refer to MC6800 CPU pinout. 

**Note 2: Numbers or ietters in brackets refer to standard MC6800 system common bus code. 

Figure 18: ADC0802 to MC6800 CPU interface 
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ICL8052/ICL7104 

and ICL8068/ICL7104 

14/16-Bit jLiP-Compatibie 
2-Chip A/D Converter 



GENERAL DESCRIPTION 

The ICL7104, combined with the ICL8052 or ICL8068, 
forms a member of Intersil’s high performance A/D convert¬ 
er family. The ICL7104-16, performs the analog switching 
and digital function for a 16-bit binary A/D converter, with 
full three-state output, UART handshake capability, and oth¬ 
er outputs for easy interfacing. The ICL7014-14 is a 14-bit 
version. The analog section, as with all Intersil’s integrating 
converters, provides fully precise Auto-Zero, Auto-Polarity 
(including ±0 null indication), single reference operation, 
very high input impedance, true input integration over a con¬ 
stant period for maximum EMI rejection, fully ratiometric op¬ 
eration, over-range indication, and a medium quality built-in 
reference. The chip pair also offers optional input buffer 
gain for high sensitivity applications, a built-in clock oscilla¬ 
tor, and output signals for providing an external Auto-Zero 
capability in preconditioning circuitry, synchronizing external 
multiplexers, etc. 


ORDERING INFORMATION 


FEATURES 

• 16/14 Bit Binary Three-State Latched Outputs Pius 
Poiarity and Overrange 

• ideaiiy Suited for interface to UARTs and 
Microprocessors 

• Conversion On Demand or Continuousiy 

• Guaranteed Zero Reading for Zero Voits Input 

• True Polarity at Zero Count for Precise Null 
Detection 

• Single Reference Voltage for True Ratiometric 
Operation 

• Onboard Clock and Reference 

• Auto-Zero; Auto-Polarity 

• Accuracy Guaranteed to 1 Count 

• All Outputs TTL Compatible 

• ±4V Analog Input Range 

• Status Signal Available for External Sync, A/Z in 
Preamp, etc 



Temp. Range 

Package 

ICL7104-14CJL 

ICL7104-14CPL 

ICL7104-14CDL 

ICL7104-16CJL 

ICL7104-16CPL 

ICL7104-16CDL 

0"Cto -70“C 
O^Cto +70*0 
0 "Cto +70°C 

O^Cto +70'’C 
0“Cto +70"C 
O^Cto +70‘’C 

40-Pin CERDIP 
40-Pin Plastic DIP 
40-Pin Ceramic DIP 
40-Pin CERDIP 
40-Pin Plastic DIP 
40-Pin Ceramic DIP 


Part Number 

Temp. Range 

Package 

ICL8052CPD 

ICL8052CDD 

ICL8052ACPD 

ICL8052ACDD 

ICL8068CJD 

ICL8068ACJD 

0“Cto +70"C 
O^Cto +70‘’C 
0 *Cto +70^ 
O^Cto +70‘’C 
O^Cto +70“C 
OX to +70X 

14-Pin Plastic DIP 
14-Pln Ceramic DIP 
14-Pin Plastic DIP 
14-Pln Ceramic DIP 
14-Pin CERDIP 

14-Pln CERDIP 
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ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (1) All Devices. 500mW 

Storage Temperature .-65®Cto+150‘’C 

Operating Temperature.0®Cto +70®C 

Lead Temperature (Soldering, 10sec) . 300“C 

ICL8052, 8068 

Supply Voltage.±18V 

Differential Input Voltage (8068) .±30V 

(8052). ±6V 

Input Voltage (2) ...± 15V 

Output Short Circuit Duration, 

All Outputs (3) ..Indefinite 

NOTE 1 Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below + 70°C. For higher 
temperatures, derate 10mW/“C. 

2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

3: Short circuit may be to ground or either supply. Rating applies to + TCC ambient temperature. 

4 Input voltages may exceed the supply voltages provided the input current is limited to ± lOOjuiA. 

5: Connecting any digital inputs or outputs to voltages greater than V+ or less than GND may cause destructive device latchup. For this reason it is 
recommended that no inputs from sources not on the same power supply be applied to the ICL7104 before its power supply is established. 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ICL7104 

V+ Supply (GND to V + ).12V 

V + + toV-..32V 

Positive Supply Voltage (GND to V + + ).17V 

Negative Supply Voltage (GND to V -) .17V 

Analog Input Voltage (Pins 32 - 39) (4) .V + + to V- 

Digital Input Voltage 


(Pins 2 - 30) (5).(GND-0.3V) to (V+ + 0.3V) 



V++ 

r 

1 



r 

1 


40 

3 

V- 

DIG GND 

c 

3 


DIG GND 

c 

3 


39 

3 

COMP IN 

sirs 

c 

3 


sirs 

c 

3 


39 

3 

REFCAP 1 

POL. 

c 

4 


POL 

c 

4 


37 

J 

VREF 

O.R. 

c 

s 


O.R. 

c 

s 


3S 

3 

AZ 

BIT 16 

c 

6 


BIT 14 

c 

s 


35 

3 

ANALOG GND 

BIT IS 

c 

7 


BIT 13 

c 

7 


34 

J 

REFCAP 2 

BIT 14 

c 

3 


BIT 12 

c 

8 


33 

J 

BUF IN 

BIT 13 

c 

• 

iCL7104 

BIT 11 

c 

0 

ICL7104 

33 

3 

ANALOG I/P 

BIT 12 

c 

10 

-16 

BIT 10 

c 

10 

-14 

31 

3 

V+ 

BIT 11 

c 

11 


BITS 

c 

11 


30 

3 

(51705 

BIT 10 

c 

13 


N.C. 

c 

13 


39 

3 

SEN 

BITS 

c 

13 


N.C. 

c 

13 


38 

3 

R/H 

BITS 

c 

14 


BITS 

c 

14 


27 

3 

MODE 

BIT? 

c 

IS 


BIT 7 

c 

IS 


29 

3 

CLOCK 2 

BIT 6 

c 

IS 


BIT 6 

c 

16 


2S 

3 

CLOCK 1 

BITS 

c 

17 


BITS 

c 

17 


24 

3 

1 note I*****L~J* I \ 

BIT 4 

c 

IS 


BIT 4 

c 

IS 


23 

3 

1 \ 24 iHilHlcCocinn 

BITS 

c 

19 


BIT 3 

c 

19 


22 

3 LBEN 1 23 IHBERI HBER 1 

BIT 2 

c 

30 


BIT 2 

c 

30 


21 

3 BIT1 
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Figure 2: Pin Configurations 


ICL7104 ELECTRICAL CHARACTERISTICS (v+ = +5V,v+ += + i5V,v- i5V.Ta=25C) 


Symboi 

Characteristics 

Test Conditions 

Min 

Typ 



l|N 

Clock Input 

CLOCK 1 



±7 



l|N 

Comparator I/P 

COMP IN (Note 1) 

Vin = 0VtO +5V 

-10 




l|H 

Inputs 

with Pulldown 

MODE 

V|n=+5V 

+ 1 

+ 5 



l|L 

> 

o 

II 

c 

> 

-10 

±0.01 

+ 10 

jllA 

l|H 

Inputs 

with 

Pullups 

SEN, R/H 

Vin=+5V 

-10 

±0.01 

+ 10 

fxA 

IlL 

LBEN, MBEN, 1 
HBEN,CE/LD J 

> 

o 

II 

c 

> 

-30 

-5 

-1 

fxA 
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ICL7104 ELECTRICAL CHARACTERISTICS (V+-+ 5 V,v + + = + i5V,v -15V,Ta=25°C) 

(Continued) 


Symbol 

Characteristics 

Test Conditions 

Min 

Typ 

Max 

Unit 

VlH 

Input High Voltage 

All Digital Inputs 


2.5 

2.0 

- 


V|L 

Input Low Voltage 

All Digital Inputs 



1.5 

1.0 

V 

VoL 

Digital 

Outputs 

Three-Stated 

On 

LBEN 

(Note 3) 

IOL~ ^-SmA 

— 

0.27 

.4 

V 

VOH 

MBEN (16-only) 

HBEN 

CE/LD 

BIT n, POL, OR . 

•0H= -10/xA 


4.5 

—• 

V 

VOH 

IOH= -240jaA 

2.4 

3.5 

— 

V 

lOL 

Digital Outputs 
Three-Stated Off 

BIT n, POL. OR 

O^Vout^VH- 

-10 

±.001 

+ 10 

jliA 

VoL 

Non-Three State 

Digital 

Output 

STTS 

IOL=3-2mA 

— 

0.3 

.4 

V 

VoH 

|0H= -400jaA 

2.4 

3.3 

— 

V 

VoL 

CLOCK 2 

Iol = 320jliA 


0.5 


V 

VoH 


•0H= -320jliA 


4.5 


V 

VoL 

CLOCK 3 (-14 ONLY) 

IOL= TemA 


0.27 

.4 

V 

VoH 

•OH= -320jLtA 

2.4 

3.5 


V 

RDS(on) 

Switch 

Switch 1 


— 

25k 


n 

RDS(on) 

Switches 2,3 


— 

4k 

20k 

n 

RDS(on) 

Switches 4,5,6,7,8,9 


— 

2k 

10k 

a 

•□(off) 

Switch Leakage 


— 

15 


pA 


Clock 

Clock Freq. (Note 4) 


DC 

200 

400 

kHz 

1 + 

Supply Currents 

+ 5V Supply Current 

All outputs high impedance 

Freq. = 200kHz 


200 

600 

jaA 

1 + + 

+15V Supply Current 

Freq. = 200kHz 


.3 

1.0 

mA 

1- 

-15V Supply Current 

Freq. = 200kHz 


25 

200 

jaA 

V + 

Supply Voltage 

Range 

Logic Supply 

Note 5 

4.0 


+ 11.0 

V 

V + + 

Positive Supply 


+ 10.0 


+ 16.0 

V 

V- 

Negative Supply 


-16.0 


-10.0 

V 


NOTES: 1. This spec applies when not in Auto-Zero phase. 

2. Apply only when these pins are inputs, i.e., the mode pin is low, and the 7104 is not in handshake mode. 

3. Apply only when these pins are outputs, i.e., the mode pin is high or the 7104 is in handshake mode. 

4. Clock circuit shown in Figs. 15 and 16. 

5. V -h must not be more positive than V + + . 
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THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ICL8068 ELECTRICAL CHARACTERISTICS (Vsupply= ± 15V unless otherwise specified) 


8 


Characteristics 


Test Conditions 


EACH OPERATIONAL AMPLIFIER 


Input Offset Voltage 


VcM=OV 


Common-Mode Rejection Ratio 

VcM=±10V 

Non-Linear Component of Common- 
Mode Rejection Ratio (Note 2) 

Vcm=±2V 

Large Signal Voltage Gain 

Rl_=50kft 


Slew Rate 


Unity Gain Bandwidth 


Output Short-Circuit Current 


Small-signal Voltage Gain 


+ Vo 

Positive Output Voltage Swing 

-Vo 

Negative Output Voltage Swing 



COMPARATOR AMPLIFIER 


RL=30kn 


- 2.0 - 2.6 


VOLTAGE REFERENCE 


Vo 

Output Voltage 

Ro 

Output Resistance 





Supply Current Total 


ICL8052 ELECTRICAL CHARACTERISTICS (Vsupply= ± 15V unless otherwise specified) 


Symbol 


Characteristics 


Test Conditions 


EACH OPERATIONAL AMPLIFIER 


8052 

8052A 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 

< 

o 

II 

o 

< 

•in 

Input Current (either input) (Note 1) 

< 

o 

II 

o 

< 

CMRR 

Common-Mode Rejection Ratio 

VcM=±10V 


Non-Linear Component of Common- 

VcM= ±2V 


Mode Rejection Ratio (Note 2) 




Large Signal Voltage Gain 


Slew Rate 

Unity Gain Bandwidth 


Output Short-Circuit Current 


RL=50kft 


COMPARATOR AMPLIFIER 





Small-signal Voltage Gain 

RL=30kn 


+ Vo 

Positive Output Voltage Swing 


+ 12 
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ICL8052 ELECTRICAL CHARACTERISTICS (Vsupply= ± 1SV unless otherwise specified) (Continued) 


Symbol 

Characteristics 

Test Conditions 

8052 

8052A 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

VOLTAGE REFERENCE 

Vo 

Output Voltage 








V 

Ro 

Output Resistance 



5 



B 



TC 

Temperature Coefficient 



50 



■a 



VSUPPLY 

Supply Voltage Range 


±10 






V 

■supply 

Supply Current Total 



6 

12 


6 

12 

mA 


NOTES: 1. The input bias currents are junction ieakage currents which approximately double for every 10"C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises 
above the ambient temperature as a resuit of internal power dissipation, Pd. Tj=TA+RejAPcl where R^ja is the thermal resistance from junction to 
ambient. A heat sink can be used to reduce temperature rise. 

2. This is the only component that causes error in dual-slope converter. 


SYSTEM ELECTRICAL CHARACTERISTICS: ICL8068/7104 (v + + = + i5V,v+ = + 5V. 

V“ = -15V, Clock Frequency = 200kHz) 


Characteristics 

Test Conditions 

8068A/7104-14 

8068A/7104-16 


Min 

Typ 

Max 

Min 

Typ 

Max 

Zero Input Reading (4) 

Vin = 0.0V 

Full Scale=4.000V 

-0.0000 

±0.0000 

+ 0.0000 

-0.0000 

-0.0000 

+ 0.0000 

Hexadecimal 

Reading 

Ratiometric Reading (1) (4) 

Vin = VRef. 

Full Scale = 4.000V 

1FFF 

2000 

2001 

7FFF 

8000 

8001 

Hexadecimal 

Reading 

Linearity over ± Full Scale (error 
of reading from best straight line) 
(4) 

-4V^Vin^+4V 


0.5 

1 


0.5 

1 

LSB 

Differential Linearity (difference 
between worst case step of 
adjacent counts and ideal step) 

-4V^Vin^+4V 


.01 



.01 


LSB 

Rollover error (Difference in 
reading for equal positive & neg¬ 
ative voltage near full scale) (4) 

-Vin=+Vin^4V 


0.5 

1 


0.5 

1 

LSB 

Noise (P-P value not exceeded 
95% of time) 

Vin = 0V 

Full scale = 4.000V 


2 



2 


IxV 

Leakage Current at Input (2) (4) 

Vin = 0V 


100 

165 


100 

165 

pA 

Zero Reading Drift (A) 

V|n = 0V 
0 “C^Ta^70*C 


0.5 



0.5 


iLiV/“C 

Scale Factor Temperature (3) (4) 
Coefficient 

Vin=+4V 
0^Ta^ 50*C 
ext. ref. 0ppm/“C 


2 

5 
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SYSTEM ELECTRICAL CHARACTERISTICS: ICL8052/7104 (V + + =+i5V.v+ =+5V, 

V~ = -15V, Clock Frequency=200kHz) 


Characteristics 

Test Conditions 

8052A/7104-14 

8052A/7104-16 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Zero Input Reading 

Vin = 0.0V 

Full Scale = 4.000V 

-0.0000 

±0.0000 

+ 0.0000 

-0.0000 

±0.0000 

+ 0.0000 

— 

Ratlometric Reading (3) (4) 

V|n = VRef. 

Full Scale=4.000V 



2001 

7FFF 

8000 

8001 


Linearity over ± Full Scale (error 
of reading from best straight line) 
(4) 

-4V^Vin:^+4V 


0.5 

1 


0.5 

D 

LSB 

Differential Linearity (difference 
between worst case step of 
adjacent counts and ideal step) 

-4V^Vin^+4V 


.01 



.01 



Rollover error (Difference in 
reading for equal positive & 
negative voltage near full scale) 


■ 


D 


0.5 

1 

LSB 

Noise (P-P value not exceeded 
95% of time) 

Vin = 0V 

Full scale = 4.000V 


30 



30 


IxN 

Leakage Current at Input (2) (4) 

< 

II 

o 

< 


20 

30 




pA 

Zero Reading Drift (4) 

V|n = 0V 
0 :^Ta^70'’C 

■ 







Scale Factor Temperature 
Coefficient (4) 

V|n=+4V 
0 :^Ta^ 70‘’C 
(ext. ref. 0ppm/*C) 


2 



2 


ppm/®C 


NOTES: 1. Tested with low dielectric absorption integrating capacitor. 

2. the input bias currents are junction leakage currents which approximately double for every ICC increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pd. Tj=TA+R8jAPd where R^ja is the thermal resistance from junction to 
ambient. A heat sink can be used to reduce temperature rise. 

3. The temperature range can be extended to 70°C and beyond if the Auto-Zero and Reference capacitors are increased to absorb the high temperature 
leakage of the 8068. See note 2 above. 

4. Parameter has been characterized but is not production tested. 
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AC CHARACTERISTICS (v + + = + i5V,v+ = +5V,v- = -i5V) 





L- - J 


CE/LD " \ 

AS INPUT \ 

_y—.'N_ / - ' 

L .J 





J 

ss:~. mm .' 

r 
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^Sl'puT WMM///// 







_i 


^ mm . 



\ 


*dab-*> 

HIGH BYTE 
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- — 


♦-*dhb 

■ 

! 

. 

*dhc 

DATA 

VALID 



K 

DATA ] 

*dac -• 

J 



— 


MIDDLE BYTE 

V DATA V 

DATA 

VALID 

) 

ENABLE — — — — — — 

LOW BYTE 

\ VALID / 

J 



DATA 

VALID 

) 

ENABLE j 

= HIGH IMPEDANCE 

Figure 5: Direct Mode Timing Diagram 
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Table 1: Direct Mode Timing Requirements (Note: Not tested in production) 


Symboi 

Description 

Min 

Typ 

Max 

Unit 

^bea 

XBEN Min. Pulse Width 


300 



^dab 

Data Access Time from XBEN 


300 


tdhb 

Data Hold Time from XBEN 




^cea 

CE/LD Min. Pulse Width 


350 


^dac 

Data Access Time from CE/LD 


350 


tdhc 

Data Hold Time from CE/LD 


280 


Wh 

CLOCK 1 High Time 


1000 



Table 2: Handshake Timing Requirements (Note: Not tested in production.) 


Name 

Description 

Min 

Typ 

Max 

Unit 

^mw 

MODE Pulse (minimum) 


20 


ns 

^sm 

MODE pin set-up time 


-150 


tme 

MODE pin high to low Z CE/LD high delay 


200 


tmb 

MODE pin high to XBEN low Z (high) delay 


200 


tcel 

CLOCK 1 high to CE/LD low delay 


700 


■^ceh 

CLOCK 1 high to CE/LD high delay 


600 


tcbl 

CLOCK 1 high to XBEN low delay 


900 


^cbh 

CLOCK 1 high to XBEN high delay 


700 


tcdh 

CLOCK 1 high to data enabled delay 


1100 


tcdl 

CLOCK 1 low to data disabled delay 


1100 


^ss 

Send ENable set-up time 


-350 


^cbz 

CLOCK 1 high to XBEN disabled delay 


2000 


^cez 

CLOCK 1 high to CE/LD disabled delay 


2000 


tcwh 

CLOCK 1 High Time 

1250 

1000 
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Table 3: Pin Descriptions 


m 

Symboi 

Option 

Description 

24 

HBEN 

CLOCK3 

-16 

-14 

High Byte ENable. Activates 

POL, OR, see LBEN (pin 22). 

RC oscillator pin. Can be used 
as clock output. 

Pin 

Symbol 

Description 

25 

CLOCK1 

Clock input. External clock or ocsillator. 

26 

CLOCK2 

Clock output. Crystal or RC oscillator. 

27 

MODE 

Input LO; Direct output mode where CE/ 
LD, HBEN, MBEN and LBEN act as 
inputs directly controlling byte outputs. If 
pulsed HI causes immediate entry into 
handshake mode (see Figure 14). 

If HI, enables CE/LD, HBEN, MBEN, and 
LBEN as outputs. Handshake mode will 
be entered and data output as in Figures 

12 & 13 at conversion completion. 

28 

R/H 

Run/Hold: Input HI-conversions 
continously performed every 217(-16) or 
2l5(-i4) clock pulses. Input LO- 
conversion in progress completed, 
converter will stop in Auto-Zero 7 counts 
before input integrate. 

29 

SEN 

Send-ENable: Input controls timing of 
byte transmission in handshake mode. HI 
indicates ‘send’. 

30 

^/LD 

Chip-Enable/LoaD. With MODE (pin 27) 
LO, CE/LD serves as a master output 
enable; when HI, the bit outputs and POL, 
OR are disabled. With MODE HI, pin 
serves as a LoaD strobe (-ve going) 
used in handshake mode. See Figures 12 
&13. 

31 

V( + ) 

Positive Logic Supply Voltage. Nominally 
+ 5V. 

32 

AN,IN 

ANalog INput. High side. 

33 

BUFIN 

BUFfer INput to analog chip (ICL8052 or 
ICL8068) 

34 

REFCAP2 

REFerence CAPacitor (negative side) 

35 

AN.GND. 

ANalog GrouND. Input low side and 
reference low side. 

36 

A-Z 

Auto-Zero node. 

37 

VREF 

Voltage REFerence input (positive side). 

38 

REFCAP1 

REFerence CAPacitor (positive side). 

39 

COMP-IN 

COMParator INput from 8052/8068 

40 

V(-) 

Negative Supply Voltage. Nominally 
-15V. 


m 

Symbol 

Option 

Description 

1 

V( + +) 


Positive Supply Voltage 

Nominally + 15V 

2 

GND 


Digital Ground .OV, ground return 

3 

STTS 


STaTuS output. HI during 

Integrate and Deintegrate until 
data is latched. LO when analog 
section is in Auto-Zero 
configuration. 

4 

POL 


POLarity. Three-state output. HI 
for positive input. 

5 

OR 


OverRange. Three-state output. 

6 

BIT 16 
BIT 14 

-16 

-14 

(Most significant bit) 

7 

BIT 15 
BIT 13 

-16 

-14 

Data Bits, Three-state outputs. 
See Table 4 for format 
of ENables and bytes. 

HIGH = true 

8 

BIT 14 
BIT 12 

-16 

-14 

9 

BIT 13 

BIT 11 

-16 

-14 

10 

BIT 12 
BIT 10 

-16 

-14 

11 

BIT 11 

BIT 9 

-16 

-14 

12 

BIT 10 

nc 

-16 

-14 

13 

BIT 9 

nc 

-16 

-14 

14 

BIT 8 


15 

BIT 7 


16 

BIT 6 


17 

BIT 5 


18 

BIT 4 


19 

BIT 3 


20 

BIT 2 


21 

BIT1 


Least significant bit. 

22 

LBEN 


Low Byte ENable. If not in 
handshake mode (see pin 27) 
when LO (with ^/LD, pin 30) 
activates low-order byte outputs, 
BITS 1-8 

When in handshake mode (see 
pin 27), serves as a low-byte flag 
output. See Figures 12,13,14. 

23 

MBEN 

-16 

-14 

Mid Byte ENable. Activates BITS 
9-16,^ee LBEN (pin 22) 

High Byte ENable. 

Activates BITS 9-14, POL, OR, 
see LBEN (pin 22) 

HBEN 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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Table 4: Three-State Byte Formats and ENable Pins 



Figure 1 shows the functional block diagram of the operating system. For a detailed explanation, refer to Figure 7 below. 
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DETAILED DESCRIPTION 
Analog Section 

Figure 7 shows the equivalent Circuit of the Analog Sec¬ 
tion of both the ICL7104/8052 and the ICL7104/8068 in the 
3 different phases of operation. If the Run/Hold pin is left 
open or tied to V +, the system will perform conversions at 
a rate determined by the clock frequency: 131,072 for —16 
and 32,368 for—14 clock periods per cycle (see Figure 9 
conversion timing). 


Auto-Zero Phase I Figure 7A 
During Auto-Zero, the input of the buffer is shorted to 
analog ground thru switch 2, and switch 1 closes a loop 
around the integrator and comparator. The purpose of the 
loop is to charge the Auto-Zero capacitor until the integrator 
output no longer changes with time. Also, switches 4 and 9 
recharge the reference capacitor to Vref- 




0346-11 

Figure 7D: Phase III - Deintegrate 
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Input Integrate Phase II Figure 7B 
During input integrate the Auto-Zero loop is opened and 
the analog input is connected to the buffer input thru switch 
3. (The reference capacitor is still being charged to Vref 
during this time.) If the Input signal is zero, the buffer, inte¬ 
grator and comparator will see the same voltage that exist¬ 
ed in the previous state (Auto-Zero). Thus the integrator 
output will not change but will remain stationary during the 
entire Input Integrate cycle. If Vin is not equal to zero, an 
unbalanced condition exists compared to the Auto-Zero 
phase, and the integrator will generate a ramp whose slope 
is proportional to Vin. At the end of this phase, the sign of 
the ramp is latched into the polarity F/F. 

Deintegrate Phase III Figure 7C & D 
During the Deintegrate phase, the switch drive logic uses 
the output of the polarity F/F in determining whether to 
close switches 6 and 9 or 7 and 8. If the input signal was 
positive, switches 7 and 8 are closed and a voltage which is 
Vref iiriore negative than during Auto-Zero is impressed on 
the buffer input. Negative inputs will cause +Vref to be 
applied to the buffer input via switches 6 and 9. Thus, the 
reference capacitor generates the equivalent of a (+) refer¬ 
ence or a (-) reference from the single reference voltage 
with negligible error. The reference voltage returns the out¬ 
put of the integrator to the zero-crossing point established 
in Phase I. The time, or number of counts, required to do 
this is proportional to the input voltage. Since the Deinte¬ 
grate phase can be twice as long as the Input integrate 


phase, the input voltage required to give a full scale 
reading = 2 Vref- 

Note: Once a zero crossing is detected, the system automatically reverts to 
Auto-Zero phase forjhe leftover Deintegrate time (unless Run/Hold is ma¬ 
nipulated, see Run/iHold input in detailed description, digital section). 

Buffer Gain 

At the end of the auto-zero interval, the instantaneous 
noise voltage on the auto-zero capacitor is stored, and sub¬ 
tracts from the input voltage while adding to the reference 
voltage during the next cycle. The result is that this noise 
voltage effectively is somewhat greater than the input noise 
voltage of the buffer itself during integration. By introducing 
some voltage gain into the buffer, the effect of the auto-zero 
noise (referred to the input) can be reduced to the level of 
the inherent buffer noise. This generally occurs with a buffer 
gain of between 3 and 10. Further increase in buffer gain 
merely increases the total offset to be handled by the auto¬ 
zero loop, and reduces the available buffer and integrator 
swings, without improving the noise performance of the sys¬ 
tem. The circuit recommended for doing this with the 
ICL8068/ICL7104 is shown in Figure 8. With careful layout, 
the circuit shown can achieve effective input noise voltages 
on the order of 1 to 2 jaV, allowing full 16-bit use with full 
scale inputs of as low as 150mV. Note that at this level, 
thermoelectric EMFs between PC boards, 1C pins, etc., due 
to local temperature changes can be very troublesome. For 
further discussion, see App. Note A030. 




Table 5: Typical Component Values (V + + = + i5V,v+=5V, V- = -l5V, Clock Freq=200kHz) 


ICL8052/8068 with 

ICL7104-16 

ICL7104-14 

Unit 

Full scale Vin 

200 

800 

4000 




Buffer Gain 

10 

1 

1 

10 

1 

V/V 

Rint 

100 

43 

200 

47 

180 

kn 

C|NT 

.33 

.33 

.33 

0.1 

0.1 

mtam 

Caz 

1.0 

1.0 

1.0 

1.0 

1.0 

liF 

Cref 

10 

1.0 

1.0 

10 

1.0 

mF 

Vref 

100 

400 

2000 

50 


mV 

Resolution 

3.1 

12 

61 

6.1 

244 

mV 
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INTEGRATOR 

OUTPUT 


INTERNAL CLOCK 
INTERNAL LATCH 



STATUS OUTPUT I 


I 


NUMBER OF COUNTS TO ZERO CROSSING. 

PROPORTIONAL TO Vin 


TL 


/ 


RAFTER ZERO CROSSING, 
ANALOG SECTION WILL 
BE IN AUTOZERO 
CONFIGURATION 


0346-13 


COUNTS 


PHASE 1 

PHASE II 

PHASE III 

-16 

32768 

32768 

65536 

-14 

8192 

8192 

16384 


Figure 9: Conversion Timing 


ICL8052 vs iCL8068 

The ICL8052 offers significantly lower input leakage cur¬ 
rents than the ICL8068, and may be found preferable in 
systems with high input impedances. However, the ICL8068 
has substantially lower noise voltage, and for systems 
where system noise is a limiting factor, particularly in low 
signal level conditions, will give better performance. 


COMPONENT VALUE SELECTION 

For optimum performance of the analog section, care 
must be taken In the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt¬ 
age, and conversion rate. These values must be chosen to 
suit the particular application. 


Integrating Resistor 

The Integrating resistor is determined by the full scale In¬ 
put voltage and the output current of the buffer used to 
charge the integrator capacitor. This current should be 
small compared to the output short circuit current such that 
thermal effects are kept to a minimum and linearity is not 
affected. Values of 5 to 40jliA give good results with a nomi¬ 
nal of aOjaA. The exact value may be chosen by 
_ full scale voltage* 

"'NT— ^ — 

*Note: If gain is used in the buffer amplifier then — 

_ (Buffer gain) (full scale voltage) 

"'NT-iSilA- 


Integrating Capacitor 

The product of integrating resistor and capacitor is select¬ 
ed to give 9 volt swing for full scale inputs. This is a compro¬ 
mise between possibly saturating the integrator (at +14 


volts) due to tolerance build-up between the resistor, capac¬ 
itor and clock and the errors a lower voltage swing could 
induce due to offsets referred to the output of the compara¬ 
tor. In general, the value of Cinj is given by 

[‘flisfto-14?] ^ 20 mA X clock period 

Integrator Output Voltage Swing 
A very important characteristic of the integrating capacitor is 
that it have low dielectric absorption to prevent roll-over or 
ratlometric errors. A good test for dielectric absorption is to 
use the capacitor with the input tied to the reference. 

This ratlometric condition should read half scale 
(100 ... 000) and any deviation is probably due to dielectric 
absorption. Polypropylene capacitors give undetectable er¬ 
rors at reasonable cost. Polystyrene and polycarbonate ca¬ 
pacitors may also be used in less critical applications. 

Auto-Zero and Reference Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system, a large capacitor giving less 
noise. The reference capacitor should be large enough 
such that stray capacitance to ground from its nodes is neg¬ 
ligible. 

Note: When gain is used in the buffer amplifier the refer¬ 
ence capacitor should be substantially larger than the auto¬ 
zero capacitor. As a rule of thumb, the reference capacitor 
should be approximately the gain times the value of the 
auto-zero capacitor. The dielectric absorption of the refer¬ 
ence cap and auto-zero cap are only important at power-on 
or when the circuit is recovering from an overload. Thus, 
smaller or cheaper caps can be used here if accurate read¬ 
ings are not required for the first few seconds of recovery. 
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Reference Voltage 

The analog input required to generate a full scale output 
is V|n = 2 Vref- 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. The resolu¬ 
tion of the ICL7104 at 16 bits is one part in 65536, or 
15.26ppm. Thus, if the reference has a temperature coeffi¬ 
cient of 50ppm/‘’C (on board reference) a temperature 
change of will Introduce a one-bit absolute error. For 
this reason, it is recommended that an external high quality 
reference be used where the ambient temperature is not 
controlled or where high-accuracy absolute measurements 
are being made. 

DETAILED DESCRIPTION 
Digital Section 

The digital section includes the clock oscillator circuit, a 
16 or 14 bit binary counter with output latches and TTL- 
compatible three-state output drivers, polarity, over-range 
and control logic and UART handshake logic, as shown in 
the Block Diagram Figure 10 (16 bit version shown). 

Throughout this description, logic levels will be referred to 
as “low” or “high”. The actual logic levels are defined un¬ 
der “ICL7104 Electrical Characteristics”. For minimum pow¬ 


er consumption, all inputs should swing from GND (low) to 
V+ (high). Inputs driven from TTL gates should have 3- 
5kfl pullup resistors added for maximum noise immunity. 

MODE Input 

The MODE input is used to control the output mode of the 
converter. When the MODE pin is connected to GND or left 
open (this input is provided with a pulldown resistor to en¬ 
sure a low level when the pin is left open), the converter is 
in its “Direct” output mode, where the output data is directly 
accessible under the control of the chip and byte enable 
inputs. When the MODE input is pulsed high, the converter 
enters the UART handshake mode and outputs the data in 
three bytes for the 7104-16 or two bytes for the 7104-14 
then returns to “direct” mode. When the MODE input is left 
high, the converter will output data in the handshake mode 
at the end of every conversion cycle. (See section entitled 
“Handshake Mode” for further details). 

STaTuS Output 

During a conversion cycle, the STaTuS output goes high 
at the beginning of Input Integrate (Phase II), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 9 for de¬ 
tails of this timing. This signal may be used as a “data valid” 
flag (data never changes while STaTuS is low) to drive inter¬ 
rupts, or for monitoring the status of the converter. 


( CETCH ^ 

R5ER 

MBEN 

L§ER 

POLlO/R 

B16|B15|B14|b13|B12|B11|B10| B9 

B8 1 B7 1 B6 1 B5 1 B4 1 B3 1 B2 1 B1 


HBEN 

L6EN 

P0L|0/R|B14|b 13|B12| Blit Biol B9 

B8 1 B7 1 B6 i B5 1 B4 1 B3 1 B2 1 B1 



STaTuS R/H CLOCK CLOCK CLOCK MODE SEND 

1 2 3 
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Figure 10: Digital Section 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


3-33 


ICL8052/ICL7104 and ICL8068/ICL7104 








ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 Bim^DIL 


OPTION 

-14 

-16 

MIN 

7161 

28665 

MAX 

8185 

32761 


INTEGRATOR 

OUTPUT . ^ 

INTERNAL CLOCK ■ir njinn. 
INTERNAL LATCH _ 


OEINT TERMINATED 
AT ZERO CROSSING' 
^DETECTION 


SINGv 

rioN \ I 


I STATIC IN 
I HOLD STATE 



jijxrmjxri^ JWLiTJL jTj—' ^inruxnjTJiJiJir 


SL 


STaTuS OUTPUT j 

RUN/HOLD INPUT j 1 
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Figure 11: Run/Hold Operation 


Run/Hold Input 

When the Run/Hold input is connected to V+ or ieft open 
(this input has a pullup resistor to ensure a high level when 
the pin is left open), the circuit will continuously perform 
conversion cycles, updating the output latches at the end of 
every Deintegrate (Phase 111) portion of the conversion cycle 
(See Figure 9). (See under “Handshake Mode” for excep¬ 
tion.) In this mode of operation, the conversion cycle will be 
performed in 131,072 for 7104-16 and 32768 for 7104-14 
clock periods, regardless of the resulting value. 

If Run/Hold goes low at any time during Deintegrate 
(Phase III) after the zero crossing has occurred, the circuit 
will immediately terminate Deintegrate and jump to Auto- 
Zero. This feature can be used to eliminate th^time spent in 
Deintegrate after the zero-crossing. If Run/Hold stays or 
goes low, the converter will ensure a minimum Auto-Zero 
time, and then wait in Auto-Zero until the Run/Hold input 
goes high. The converter will begin the Integrate (Phase II) 
portion of the next conversion (and the STaTuS output will 
go high)_seven clock periods after the high level is detected 
at Run/Hold. See Figure 11 for details. 

Using the Run/Hold input in this manner allows an easy 
“convert on demand” interface to be used^The converter 
may be held at idle in Auto-Zero with Run/Hold low. When 
Run/Hold goes high the conversion is started, and when 
the STaTuS output goes low the new data is valid (or trans¬ 
ferred) to the UART see Handshake Mode). Run/Hold 
may now go low terminating Deintegrate and ensuring a 
minimum Auto-Zero time before ^topping to wait for the 
next conversion. Alternately, Run/Hold can be used to mini¬ 
mize conversion time by ensuring that it goes low during 
Deintegrate, after zero crossing, and goes high after_the 
hold point is reached. The required activity on the Run/Hold 
input can be provided by connecting it to the CLOCKS (-14), 
CLOCK2 (-16) Output. In this mode the conversion time is 
dependent on the input value measured. Also refer to Inter¬ 
sil Application Bulletin A030 for a discussion of the effects 
this will have on Auto-Zero performance. 

If the Run/Hold input goes low and stays low during Auto- 
Zero (Phase I), the convert^ will simply stop at the end of 
Auto-Zero and wait for Run/Hold to go high. As above. Inte¬ 


grate (Phase II) begins seven clock periods after the high 
level is detected. 

Direct Mode 

When the MODE pin is left at a low level, the data outputs 
[bits 1 through 8 low order byte, see Table 4 for format of 
middle (-16) and high order bytes] are accessible under 
control _of the byte and chip ENable terminals as inputs. 
These ENable inputs are all active low, and are provided 
with pullup resistors to ensure an inactive high level when 
left open. When the chip ENable input is low, taking a byte 
ENable input low will allow the outputs of that byte to be¬ 
come active (three-stated on). This allows a variety of paral¬ 
lel data accessing techniques to be used. The timing re¬ 
quirements for these outputs are shown under AC Charac¬ 
teristics and Table 1. 

It should be noted that these control inputs are asynchro¬ 
nous with respect to the converter clock - the data may be 
accessed at any time. Thus it is possible to access the data 
while it is being updated, which could lead to scrambled 
data. Synchronizing the access of data with the conversion 
cycle by monitoring the STaTuS output will prevent this. 
Data is never updated while STaTuS is low. Also note the 
potential bus conflict described under “Initial Clear Circuit¬ 
ry”. 

Handshake Mode 

The handshake output mode is provided as an alternative 
means of interfacing the ICL7104 to digital systems, where 
the A/D converter becomes active in controlling the flow of 
dat a instead of passively responding to chip and byte 
ENable inputs. This mode is specifically designed to allow a 
direct Interface between the ICL7104 and industry-standard 
UARTs (such as the Intersil CMOS UARTs, IM6402/3) with 
no external logic required. When triggered into the hand¬ 
shake mode, the ICL7104 provides all the control and flag 
signals necessary to sequence the three (ICL7106-16) or 
two (ICL7104-14) bytes of data into the UART and initiate 
their transmission in serial form. This greatly eases the task 
and reduces the cost of designing remote data acquisition 
stations using serial data transmission to minimize the num¬ 
ber of lines to the central controlling processor. 
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Entry into the handshake mode will occur if either of two 
conditions are fulfilled; first, if new data is latched (i.e. a 
conversion is completed) while MODE pin (pin 27) is high, in 
which case entry occurs at the end of the latch cycle; or 
secondly, if the MODE pin goes from low to high, when 
entry will occur immediately (if new data is being latched, 
entry is delayed to the end of the latch cycle). While In the 
handshake mode, data latching is inhibited, and the MODE 
pin is ignored. (Note that conversion cycles will continue In 
the normal manner). This allows versatile initiation of hand¬ 
shake operation without danger of false data generation; if 
the MODE pin is held high, every conversion (other than 
those completed during handshake operations) will start a 
new handshake operation, while if the MODE pin is pulsed 
high, handshake operations can be obtained “on demand.” 

When the converter enters the handshake mode, or when 
the MODE input is high, the chip and byte ENable terminals 
become TTL-compatIble outputs which provide the control 
signals for the output cycle. The Send ENable pin (SEN) 
(pin 29) is used as an indication of the ability of the external 
device to receive data. The condition of the line is sensed 


once every clock pulse, and if it is high, the next (or first) 
byte is enabled on the next rising CLOCK 1 (pin 25) clock 
edge, the corresponding byte ENable line goes low, and the 
Chip ENable/LoaD pin (pin 30) (CE/LD) goes low for one 
full clock pulse only, returning high. 

On the next falling CLOCK 1 clock pulse edge. If SEN 
remains high, or after it goes high again, the byte output 
lines will be put in the high impedance state (or three-stated 
off). One half pulse later, the byte ENable pin will be cleared 
high , and (unless finished) the CE/LD and the next byte 
ENable pin will go low. This will continue until all three (2 in 
the case of the 14 bit device) bytes have been sent. The 
bytes are Individually put into the low impedance state i.e.: 
three-stated on during most of the time that their byte 
ENable pin is (active) low. When receipt of the last byte has 
been acknowledged by a high SEN, the handshake mode 
will be cleared, re-enabling data latching from conversions, 
and recognizing the condition of the MODE pin again. The 
byte and chip ENable will be three-stated off. If MODE is 
low, but held high by their (weak) pullups. These timing rela¬ 
tionships are illustrated in Figure 12,13, and 14, and Table 
2 . 


INTEGRATOR 
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Figure 12: Handshake with SEN Heid Positive 
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Figure 12 shows the sequence of the output cycle with 
SEN held high. The handshake mode (Internal MODE high) 
is entered after t he data latch puls e (sinc e MODE remains 
high the CE/LD, LBEN, MBEN and HBEN terminals are ac¬ 
tive as outputs). The high level at the SEN input is sensed 
on the same high to low intern^ dock edge. On the next to 
high internal clock edge, the CE/LD and the HBEN outputs 
assume a low level and the high-order byte (POL and OR, 
and except for -16, Bits 9-14) outputs are enabled. The 
CE/LD output remains low for one full internal clock period 
only, the data outputs remain active for 1 -Va internal clock 
periods, and the high byte ENable remains low for two clock 
periods. Thus the CE/LD output low level or low to high 
edge may be used as a synchronizing signal to ensure valid 
data, and the byte ENable as an output may be used as a 
byte identification flag. With SEN remainin g high the con¬ 
verter completes the output cycle using CE/LD, MBEN and 
LBEN while the remaining byte outputs (see Table 4) are 
activated. The handshake mode is terminated when all 
bytes are sent (3 for -16, 2 for -14). 

Figure 13 shows an output sequence where the SEN in¬ 
put is used to delay portions of the sequence, or hand¬ 
shake, to ensure correct data transfer. This timing diagram 
shows the relationships that occur using an industry-stan¬ 
dard IM6402/3 CMOS DART to interface to serial data 
channels. In this interface, the SEN input to the ICL7104 is 
driven by the TBRE (Transmitter Buffer Register Empty) 
output of the UART, and the CE/LD terminal of the ICL7104 


drives the TBRL (Transmitter Buffer Register Load) input to 
the UART. The data outputs are paralleled into the eight 
Transmitter Buffer Register inputs. 

Assuming the UART Transmitter Buffer Register is empty, 
the SEN input will be high when the handshake m ode is 
entered after new data is stored. The CE/LD and HBEN 
terminals will go low after SEN is sensed, and the high order 
byte outputs become active. When CE/LD goes high at the 
end of one clock period, the high order byte data is clocked 
into the UART Transmitter Buffer Register. The UART 
TBRE o utput w ill now go low, which halts the output cycle 
with the HBEN output low, and the high order byte outputs 
active. When the UART has transferred the data to the 
Transmitter Register and cleared the Transmitter Buffer 
Register, the TBRE returns high. On the next ICL7104 inter¬ 
nal clock high to low edge, the high order byt e outp uts are 
disabled, and one-half internal clock later, the HBEN o utput 
ret urns h igh. At the same time, the CE/LD and MBEN (-16) 
or LBEN outputs go low, and the corresponding byte out¬ 
puts become active. Similarly, when the CE/LD returns high 
at the end of one clock period, the enabled data is clocked 
into the UART Transmitter Buffer Register, and TBRE again 
goes low. When TBRE returns to a high it will be sensed on 
the next ICL7104 internal clock high to low edge, disabling 
the data out puts. F or the 16 bit device, the sequence is 
repeated for LBEN. One-half internal clock later, the hand- 
shake mode will be cleared, and the chip and byte ENable 
terminals return high and stay active (as long as MODE 
stays high). 
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With the MODE input remaining high as in these exam¬ 
ples, the converter will output the results of every conver¬ 
sion except those completed during a handshake operation. 
By triggering the converter into handshake mode with a low 
to high edge on the MODE input, handshake output se¬ 
quences may be performed on demand. Figure 14 shows a 
handshake output sequence triggered by such an edge. In 
addition, the SEN input is shown as being low when the 
converter enters handshake mode. In this case, the whole 
output sequence is controlled by the SEN input, and the 
sequence for the first (high order) byte is similar to the se¬ 
quence for the other bytes. This diagram also shows the 
output sequence taking longer than a conversion cycle. 
Note that the converter still makes conversions, with the 
STaTuS output and Run/Hold input functioning normally. 
The only difference is that new data will not be latched 
when in handshake mode, and is therefore lost. 

Initial Clear Circuitry 

The internal logic of the 7104 is supplied by an internal 
regulator between V + + and Digital Ground. The regulator 
includes a low-voltage detector that will clear various regis¬ 
ters. This is intended to ensure that on initial power-up, the 
control logic comes up in Auto-Zero, with the 2nd, 3rd, and 
4th MSB bits cleared, and the “mode” F/F cleared (i.e. in 
“direct” mode). This, however, will also clear these regis¬ 


ters if the supply voltage “glitches” to a low enough value. 
Additionally, if the supply voltage comes up too fast, this 
clear pulse may be too narrow for reliable clearing. In gener¬ 
al, this is not a problem, but if the DART internal “MODE” 
F/F should come up set, the byte and chip ENable lines will 
become active outputs. In many systems this could lead to 
bus conflicts, especially in non-handshake systems. In any 
case, SEN should be high (held high for non-handshake 
systems) to ensure that the MODE F/F will be cleared as 
fast as possible (see Figure 12 for timing). For these and 
other reasons, adequate supply bypass is recommended. 

Oscillator 

The ICL7104-14 is provided with a versatile three terminal 
oscillator to generate the internal clock. The oscillator may 
be overdriven, or may be operated as an RC or crystal oscil¬ 
lator. 

Figure 15 shows the oscillator configured for RC opera¬ 
tion. The internal clock will be of the same frequency and 
phase as the voltage on the CLOCK 3 pin. The resistor and 
capacitor should be connected as shown. The circuit will 
oscillate at a frequency given by f = .45/RC. A 50- lOOkft 
resistor is recommended for useful ranges of frequency. For 
optimum 60Hz line rejection, the capacitor value should be 
chosen such that 32768 (-16), 8192 (-14) clock periods is 
close to an Integral multiple of the 60Hz period. 
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POWER SUPPLY SEQUENCING 

Because of the nature of the CMOS process used to fab¬ 
ricate the ICL7104, and the multiple power supplies used, 
there are certain conditions of these supplies under which a 
disabling and potentially damaging SCR action can occur. 
All of these conditions involve the V+ supply (nom. +5V) 
being more positive than the V + + supply. If there is any 
possibility of this occuring during start-up, 4iut down, under 
transient conditions during operation, or when inserting a 
PC board into a “hot” socket, etc., a diode should be placed 
between V+ and V + + to prevent it. A germanium or 
Schottky rectifier diode would be best, but in most cases a 
silicon rectifier diode is adequate. 

ANALOG AND DIGITAL GROUNDS 

Extreme care must be taken to avoid ground loops in the 
layout of ICL8068 or ICL8052/7104 circuits, especially in 
16-bit and high sensitivity circuits. It is most important that 
return currents from digital loads are not fed into the analog 
ground line. A recommended connection sequence for the 
ground lines is shown in Figure 17. 

APPLICATIONS INFORMATION 

Some applications bulletins that may be found useful are 
listed here: 

A016 “Selecting A/D Converters”, by Dave Fullagar 
A017 “The Integrating A/D Converter”, by Lee Evans 
A018 “Do’s and Dont’s of Applying A/D Converters”, by 
Peter Bradshaw and Skip Osgood 
A025 “Building a Remote Data Logging Station”, by Peter 
Bradshaw 

A030 “The ICL7104 — A Binary Output A/D Converter for 
Microprocessors”, by Peter Bradshaw 
R006 “Interfacing Data Converter & Microprocessors”, by 
Peter Bradshaw et al. Electronics, Dec. 9, 1976. 



PIN 2 +5V SUPPLY BYPASS CAPACITOR(S) 

Figure 17: Grounding Sequence 0346-21 



Note that CLOCK 3 has the same output drive as the bit outputs. 

As a result of pin count limitations, the ICL7104-16 has 
only CLOCK 1 and CLOCK 2 available, and cannot be used 
as an RC oscillator. The Internal clock will correspond to the 
Inverse of the signal on CLOCK 2. Figure 16 shows a crystal 
oscillator circuit, which can be used with both 7104 ver¬ 
sions. If an external clock is to be used, it should be applied 
to CLOCK 1. The Internal clock will correspond to the signal 
applied to this pin. 
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ICL7109 

12-Bit jaP-Compatible 
A/D Converter 



GENERAL DESCRIPTION 

The ICL7109 is a high performance, CMOS, low power 
integrating A/D converter designed to easily interface with 
microprocessors. 

The output data (12 bits, polarity and overrange) may be 
directly accessed under control of two byte enable inputs 
and a chip select input for a simple parallel bus interface. A 
UART handshake mode is provided to allow the ICL7109 to 
work with industry-standard UARTs in providing serial data 
transmission, ideal for remote data logging applications. 
The RUN/HOLD input and STATUS output allow monitoring 
and control of conversion timing. 

The ICL7109 provides the user with the high accuracy, 
low noise, low drift, versatility and economy of the dual¬ 
slope integrating A/D converter. Features like true differen¬ 
tial input and reference, drift of less than 1 jaV/°C, maximum 
input bias current of 10pA, and typical power consumption 
of 20mW make the ICL7109 an attractive per-channel alter¬ 
native to analog multiplexing for many data acquisition ap¬ 
plications. 

ORDERING INFORMATION 


FEATURES 

• 12 Bit Binary (Pius Polarity and Overrange) Dual 
Slope Integrating Anaiog-to-Digital Converter 

• Byte-Organized TTL-Compatible Three-State Outputs 
and UART Handshake Mode for Simple Parallel or 
Serial Interfacing to Microprocessor Systems 

• RUN/HOLD Input and STATUS Output Can Be Used 
to Monitor and Control Conversion Timing 

• True Differential Input and Differential Reference 

• Low Noise —Typically ISjuV p-p 

• IpA Typical Input Current 

• Operates At Up to 30 Conversions Per Second 

• On-Chip Oscillator Operates With Inexpensive 
3.58MHz TV Crystal Giving 7.5 Conversions Per 
Second for 60Hz Rejection May Also Be Used With 
An RC Network Oscillator for Other Clock 
Frequencies 



Part Number 


ICL7109MDL 

ICL7109IDL 

ICL7109IJL 

ICL7109CPL 


Temp. Range 


-55“Cto +125°C 
-25"C to +85“C 
-25"Cto +85"C 
0"Cto 70^C 


Package 


40-Pin Ceramic DIP 
40-Pin Ceramic DIP 
40-Pin CERDIP 
40-Pin Plastic DIP 


HIGH 

ORDER 

BYTE 

OUTPUTS 


LOW 

ORDER 

BYTE 

OUTPUTS 


TSVo— 
BYTE r 
CONTROL -I 
INPUTS L 


1 GNO 

^ V+ 40 3 

2 STATUS 

REF IN-39 3 

3 POL 

REF CAP-38 3 

4 OR 

REF CAP + 37 3 

5 B12 

REF IN+-36 3 

6 B11 

IN HI 35 3 

7 BIO 

IN LO 34 3 

8 B9 

COMMON 33 3 

9 B8 

CL7109 ‘NT 32 3 

10 B7 

A2 31 3 

11 B6 

BUF30 3 

12 B5 

REF OUT 29 3 

13 B4 

V”28 3 

14 B3 

SEND 27 3 

15 B2 

RUN/HOLD 26 3 

16 B1 

BUF OSC OUT 25 3 

17 TEST 

OSC SEL 24 3 

18 CeiFi 

OSC OUT 23 3 

19 hSCT) 

OSC IN 22 3 

20 C^/lCad 

MODE 21 3 


DIFFERENTIAL 

REFERENCE 

0 - 1 - 

o input high 
O input low 

OGND 


*Rint = 20liU FOR 0.2V REF 
^ 200kn FOR 2.0V REF 

(See Figure 2 for typical connection to a UART or Microcomputer) 

Figure 1: Pin Configuration and Test Circuit 
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ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage (GND to V+).+ 6.2V 

Negative SupplyVoltage(GND to V“) .-9V 

Analog Input Voltage (Lo or Hi) (Note 1).V+ to V~ 

Reference Input Voltage (Lo or HI) (Note 1).V+ to V~ 

Digital Input Voltage V+ +0.3V 

(Pins 2-27) (Note 2) .GND -0.3V 


Power Dissipation (Note 3) 

Ceramic Package .1W@ + 85“C 

Plastic Package .SOOmW @ + 70“C 

Operating Temperature 

Ceramic Package (MDL) .-SS^C to + 125“C 

Ceramic Package (IDL).-25®Cto +85°C 

Plastic Package (CPL).0“C to + 70'’C 

Storage Temperature .-eS^Cto+150*C 

Lead Temperature (Soldering, 10sec) .+300“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (V+ =+5V, v-sv, gnd=ov, Ta=25“C, Iclk = 3.58 mhz, unless 

Otherwise indicated.) Test circuit as shown on first page of this data sheet. 

ANALOG SECTION 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 


Zero Input Reading 

V|(M = 0.0V 

Full Scale=409.6mV 

-OOOOs 

±00008 

+ 00008 

Octal 

Reading 


Ratiometric Reading 

V|n = Vref 

VREF=204.8mV 

37778 

37778 

40008 

40008 

Octal 

Reading 


Non-Linearity (Max deviation 
from best straight line fit) 

Full Scale = 409.6mV to 2.048V 

Over full operating temperature 
range. (Note 4), (Note 6) 

-1 

±.2 

+ 1 

Counts 


Roll-over Error (difference 
in reading for equal pos. and 
neg. inputs near full scale) 

Full Scale=409.6mV to 2.048V 
(Note 5), (Note 6) 

-1 

±.2 

+ 1 

Counts 

CMRR 

Common Mode Rejection Ratio 

VcM ±1V V|N = 0V 

Full Scale=409.6mV 


50 


jaV/V 

VCMR 

Input Common Mode Range 

Input Hi, Input Lo, Common (Note 4) 

V- + 1.5 


V+-1.0 

V 

®n 

Noise (p-p value not 
exceeded 95% of time) 

V,N = 0V 

Full Scale=409.6mV 


15 


laV 

l|LK 

Leakage current at Input 

V|N = 0 All devices at 25“C 

ICL7109CPL 0“C^Ta^ + 70‘’C (Note 4) 
ICL7109IDL -25 “C^Ta^ +85'‘C (Note 4) 
ICL7109MDL -55 "C^Ta^ + 125°C 


1 

20 

100 

2 

10 

100 

250 

5 

pA 

pA 

pA 

nA 


Zero Reading Drift 

V|N = 0VRi=0fl (Note 4) 


0.2 

1 

ixwrc 


Scale Factor Temperature 
Coefficient 

V|N = 408.9mV= >77708 
reading 

Ext. Ref, 0 ppm/'^C (Note 4) 


1 

5 

ppm/®C 

I + 

Supply Current V+ to 

GND 

V|N=0, Crystal Osc 

3.58MHz test circuit 

Pins 2-21,25, 26,27, 29; open 


700 

1500 

jxA 

isupp 

Supply Current V + to V“ 


700 

1500 

fxA 

Vref 

Ref Out Voltage 

Referred to V+, 25kft 
between V+ and REF OUT 

-2.4 

-2.8 

-3.2 

V 


Ref Out Temp. Coefficient 

25kn between V+ and REF OUT 


80 


ppm/“C 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (V+ = +5V, V- = -5V, GND=0V, Ta= 25“C, unless otherwise 
indicated.) Test circuit as shown on first page of this data sheet. (Continued) 

DIGITAL SECTION 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

VOH 

Output High Voltage 

l0UT“ 

Pins 2-16,18,19, 20 

3.5 

4.3 


V 

VoL 

Output Low Voltage 

IOUT= 1 


0.2 

0.4 

V 


Output Leakage Current 

Pins 3-16 high impedance 


±.01 

±1 

jliA 


Control I/O Pullup 

Current 

Pins 18,19,20 VouT=V+ -3V 
MODE input at GND 


5 


jliA 


Control I/O Loading 

HBEN Pin 19 LBEN Pin 18 (Note 4) 



50 

PF 

V|H 

Input High Voltage 

Pins 18-21,26, 27 
referred to GND 

2.5 



V 


Input Low Voltage 

Pins 18-21,26, 27 
referred to GND 



1 

V 


Input Pull-up Current 

Pins 26, 27 Vout=V+-3V 


5 


jaA 


Input Pull-up Current 

Pins 17, 24 VouT=V+-3V 


25 


jmA 


Input Pull-down Current 

Pin 21 Vout=GND +3V 


5 


fxA 

OOH 

Oscillator Output 

High 

Vout = 2.5V 


1 


mA 

OOL 

Current 

Low 

Vout=2.5V 




mA 

bOoh 

Buffered Oscillator 

High 

Vout=2.5V 


2 


mA 

BOol 

Output Current 

Low 

Vout = 2.5V 


5 


mA 

tw 

MODE Input Pulse Width 

(Note 4) 

50 



ns 


NOTES: 1. Input voltages may exceed the supply voltages provided the input current is limited to ±100|biA 

2. Due to the SCR structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to voltages greater than V+ 
or less than GND may cause destructive device latchup. For this reason it is recommended that no inputs from sources other than the same power 
supply be applied to the ICL7109 before its power supply is established, and that in multiple supply systems the supply to the ICL7109 be activated first. 

3. This limit refers to that of the package and will not be obtained during normal operation. 

4. This parameter is not production tested, but is guaranteed by design. 

5. Roll-over error for Ta= -SS’C to +125*0 is +3 counts maximum. 

6. A full scale voltage of 2.048V is used because a full scale voltage of 4.096V exceeds the devices Common Mode Voltage Range. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TABLE 1: Pin Assignment and Function Description 


Pin 

Symbol 

Description 

1 

GND 

Digital Ground, OV. Ground return for all digital 
logic. 

2 

STATUS 

Output High during integrate and deintegrate 
until data is latched. 

Output Low when analog section is in Auto- 
Zero configuration. 

3 

POL 

1 

Polarity — HI for Positive input. 

All 

three 

state 

output 

data 

bits 

4 

OR 

Overrange — HI if Overranged. 

5 

B12 

Bit 12 

(Most Significant Bit) 

6 

B11 

Bit 11 

HI = true 

7 

BIO 

Bit 10 

8 

B9 

Bit 9 

9 

B8 

Bit 8 

10 

B7 

Bit 7 

11 

B6 

Bite 

12 

B5 

Bits 

13 

B4 

Bit 4 

14 

B3 

Bit 3 

15 

B2 

Bit 2 

16 

B1 

Biti 

(Least Significant Bit) 

17 

TEST 

Input High — Normal Operation. 

Input Low — Forces all bit outputs high. 

Note: This input is used for test purposes only. 

Tie high if not used. 

18 

LB^ 

Low Byte Enable — With Mode (Pin 21) low, 
and CE/LOAD (Pin 20) low, taking this pin low 
activates low order byte outputs B1 — B8. 

— With Mode (Pin 21) high, this pin serves as a 
low byte flag output used in handshake mode. 
See Figures 8, 9,10. 

19 

HBEN 

High Byte Enable — With Mode (Pin 21) low, 
and CE/LOAD (Pin 20) low, taking this pin low 
activates high order byte outputs B9 — B12, 

POL, OR. 

— With Mode (Pin 21) high, this pin serves as a 
high byte flag output used in handshake mode. 
See Figures 8, 9,10. 

20 

CE/LOAD 

Chip Enable Load — With Mode (Pin 21) low. 
CE/LOAD serves as a master output enable. 
When high, B1 — B12, POL, OR outputs are 
disabled. 

— With Mode (Pin 21) high, this pin serves as a 
load strobe used in handshake mode. See 

Figures 8, 9,10. 


Pin 

Symbol 

Description 

21 

MODE 

Input Low — Direct output mode where 
CE/LOAD (Pin 20), HBEN (Pin 19) and LBEN 
(Pin 18) act as inputs directly controlling byte 
outputs. 

Input Pulsed High — Causes immediate entry 
into handshake mode and output of data as in 
Figure 10. 

Input High — Enables CE/LOAD (Pin 20), 
HBEN (Pin 19), and LBEN (Pin 18) as 
outputs, handshake mode will be entered and 
data output as in Figures 8 and 9 at 
conversion completion. 

22 

OSCIN 

Oscillator Input 

23 

OSC OUT 

Oscillator Output 

24 

OSC SEL 

Oscillator Select — Input high configures 

OSC IN, OSC OUT, BUF OSC OUT as RC 
oscillator — clock will be same phase and 
duty cycle as BUF OSC OUT. 

— Input low configures OSC IN, OSC OUT for 
crystal oscillator —- clock frequency will be 

1 /58 of frequency at BUF OSC OUT. 

25 

BUF OSC OUT 

Buffered Oscillator Output 

26 

RUN/HOLD 

Input High — Conversions continuously 
performed every 8192 clock pulses. 

Input Low — Conversion in progress 
completed, converter will stop in Auto-Zero 7 
counts before integrate. 

27 

SEND 

Input — Used in handshake mode to indicate 
ability of an external device to accept data. 
Connect to + 5V if not used. 

28 

V- 

Analog Negative Supply — Nominally -5V 
with respect to GND (Pin 1). 

29 

REF OUT 

Reference Voltage Output — Nominally 2.8V 
down from V* (Pin 40). 

30 

BUFFER 

Buffer Amplifier Output 

31 

AUTO-ZERO 

Auto-Zero Node — Inside foil of Caz 

32 

INTEGRATOR 

Integrator Output — Outside foil of C|nx 

33 

COMMON 

Analog Common — System is Auto-Zeroed to 
COMMON 

34 

INPUT LO 

Differential Input Low Side 

35 

INPUT HI 

Differential Input High Side 

36 

REF IN + 

Differential Reference Input Positive 

37 

REF CAP + 

Reference Capacitor Positive 

38 

REF CAP 

Reference Capacitor Negative 

39 

REFIN 

Differential Reference Input Negative 

40 

V+ 

Positive Supply Voltage — Nominally + 5V 
with respect to GND (Pin 1). 


Note: All digital levels are positive true. 
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1 V* 

XTAL40 

2 OSC CONTROL 

XTAL 17 

3 ONO 

CPC 30 

4 RRO 

CLS130 

S-12 

CLil37 

RRR1-t 

SBS36 

PI 35 

13 PC 

CRL34 

14 FE 

26*33 

1$ OE 

TBR1-6 

16 SFO 

TRE24 

ORR16 

20 RRI 

OR 10 
TBRL 23 
TBRC32 

26 TRO 

MR 21 


IM«403 
CMOS UART 


FOR LOWCST FOWf R CONtUMRTION, 
TtRt-TRRI INRUTt $HOUt.O HAVE lOOkO 
FULLUR RESISTORS TO ^SV 


10N0 

V+40 
REF IN-30 

25 BUF OSC OUT 

REF CAP-36 

2 STATUS 

REF CAP > 37 


REF IN t 36 

10HBCN 

IN HI 35 

3*6 

INL0 34 
COM 33 

BS-B12.POL.OR 

INT 32 

0-16 

BIBS 

AZ31 

BUF 30 

17 TEST 

REF OUT 20 

isCRR 

V-26 

21 MODE 

run/h8l526 

20 tc/LbAb 

OSC SCL 24 

27 SEND 

OSC OUT 23 


OSC IN 22 


-0-ONO 


Hint 20kn 0.2V REF 
. -SV 200kn 2V REF 

- ^$V OR OPEN 
-ONO 


□ 3.5S MHz 
CRYSTAL 


ICL7109 

CMOS A/0 CONVERTER 


Figure 2A: Typical Connection Diagram UART Interface- To transmit latest result, send any word to UART 


-3- 

XTAL1 

3 

XTAL2 

1 TO 

4 jhut 

21-24 

5 SB 

35-30 

6 iRT 

P20-P37 

674l«0a 

31-34 

7 CA 

• WR 

P14-P17 

0 ^iN 

P13 30 

11 ALE 

P12 20 

25 PROG 

P11 26 

26 VOO 

P10 27 

30 TL 

40 VCC 

20 ONO 

12-10 

000-OB7 

R5io 


40 V+ 

REF IN 30 

1 QNO 

REF CAP - 36 

17 TEST 

REF CAP 37 


REF IN 36 


IN HI 35 

ICL7100 

tNL0 34 
COM 33 


INT 32 
AZ31 

26 RUN/iiSnS 

BUF 30 

2 status 

REF OUT 20 

16 CilN 

V-26 

10 RiPI 

SEND 27 

3-6 

BUF OSC OUT 2U 

BO-812.POL.OR 

OSC SEL 24 

0*16 

OSC OUT 23 

B1-B6 

OSC IN 22 

20 CI/LoaO 

MODE 21 


-Or—ONO 
EXTERNAL 
REFERENCE 


R>nt 20it(i 0.2V ref. 
200kO 2V REF. 


□ 3.S0 MHz 
CRYSTAL 


Figure 2B: Typical Connection Diagram Parallel interface With 8048 Microcomputer 


DETAILED DESCRIPTION 
Analog Section 

Figure 3 shows the equivalent cir cuit of the Analog Sec¬ 
tion of the ICL7109. When the RUN/HOLD input is left open 
or connected to V+, the circuit will perform conversions at a 
rate determined by the clock frequency (8192 clock periods 
per cycle). Each measurement cycle is divided into three 
phases as shown in Figure 4. They are (1) Auto-Zero (AZ), 
(2) Signal Integrate (INT) and (3) Deintegrate (DE). 


Auto-Zero Phase 

During auto-zero three things happen. First, input high 
and low are disconnected from their pins and internally 
shorted to analog COMMON. Second, the reference capaci¬ 
tor is charged to the reference voltage. Third, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the buff¬ 
er amplifier, integrator, and comparator. Since the compara¬ 
tor is included in the loop, the AZ accuracy is limited only by 
the noise of the system. In any case, the offset referred to 
the Input is less than lOjaV. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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REF CAP i ^ 

r Y37 T36 


1 REF CAP- 
f39 T38_ 




t INTEGRATOR 
f32 


JAZ AZf 


|iNTEGRATOR>—*—4cOMW^RATOR 


TO ZERO CROSS 
DETECTOR 
DIGITAL SECTION 


DEINT(-)X OEINT(^) 


OEINT(^) Y DEINT(-) 



^ iWT n CONTROL 

6.2V INT^— I OGIC 


Figure 3: Analog Section 


POLARITY 

DETECTED- 


ZERO CROSSING 
OCCURS 


INTEGRATOK I 
OUTPUT I 


ZERO CROSSING j 
^DETECTED 


INTERNAL CLOCK 


—AZ PHASE I—INT PHASE II—DEINT PHASE III AZ—» 

nr onniu juma 4T-njmr Tjuiiuir 


INTERNAL LATCH 


STATUS OUTPUT 


I 2048 I FIXED i 

h-COUNTS:- 4 .- 2048 -4*— 

I MIN. j COUNTS I _ 

NUMBER OF COUNTS TO ZERO CROSSING/ 
PROPORTIONAL TO VtN 


_4096 COUNTS_J 

MAX I 

RAFTER ZERO CROSSING, 
ANALOG SECTION WILL 
BE IN AUTOZERO 
CONFIGURATION 


Figure 4: Conversion Timing (RUN/HOLD Pin High) 


Signal Integrate Phase De-integrate Phase 

During signal integrate the auto-zero loop is opened, the The final phase is de-integrate, or reference integrate. In¬ 
internal short is removed and the internal high and low in- put low is internally connected to analog COMMON and in¬ 
puts are connected to the external pins. The converter then put high is connected across the previously charged (during 

integrates the differential voltage between IN HI and IN LO auto-zero) reference capacitor. Circuitry within the chip en- 

for a fixed time of 2048 clock periods. Note that this differ- sures that the capacitor will be connected with the correct 

ential voltage must be within the common mode range of polarity to cause the integrator output to return to zero 

the inputs. At the end of this phase, the polarity of the inte- crossing (established in Auto Zero) with a fixed slope. Thus 

grated signal is determined. the time for the output to return to zero (represented by the 

number of clock periods counted) is proportional to the in¬ 
put signal. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
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Differential Input 

The input can accept differential voltages anywhere with¬ 
in the common mode range of the input amplifier; or specifi¬ 
cally from 1.0 volts below the positive supply to 1.5 volts 
above the negative supply. In this range the system has a 
CMRR of 86dB typical. However, since the integrator also 
swings with the common mode voltage, care must be exer¬ 
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common 
mode voltage with a near full-scale negative differential in¬ 
put voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica¬ 
tions the integrator swing can be reduced to less than the 
recommended 4V full scale with some loss of accuracy. The 
integrator output can swing within 0.3 volts of either supply 
without loss of linearity. 

The ICL7109 has, however, been optimized for operation 
with analog common near digital ground. With power sup¬ 
plies of +5V and -5V, this allows a 4V full scale integrator 
swing positive or negative thus maximizing the performance 
of the analog section. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capaci¬ 
ty on Its nodes. If there is a large common mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to deintegrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for (+) or 
(-) input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in compari¬ 
son to the stray capacitance, this error can be held to less 
than 0.5 count for the worst case condition (see Component 
Values Selection below). 

The roll-over error from these sources is minimized by 
having the reference common mode voltage near or at ana¬ 
log COMMON. 

Component Value Selection 

For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt¬ 
age, and conversion rate. These values must be chosen to 
suit the particular application. 

The most important consideration is that the integrator 
output swing (for full-scale input) be as large as possible. 
For example, with ±5V supplies and COMMON connected 
to GND, the nominal integrator output swing at full scale is 
±4V. Since the integrator output can go to 0.3V from either 
supply without significantly affecting linearity, a 4V integra¬ 
tor output swing allows 0.7V for variations in output swing 
due to component value and oscillator tolerances. With 
± 5V supplies and a common mode range of ± 1V required, 
the component values should be selected to provide ±3V 
integrator output swing. Noise and rollover errors will be 
slightly worse than in the ±4V case. For larger common 
mode voltage ranges, the integrator output swing must be 


reduced further. This will increase both noise and rollover 
errors. To improve the performance, supplies of ±6V may 
be used. 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with lOOjaA of quiescent current. They supply 
20juA of drive current with negligible non-linearity. The inte¬ 
grating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 4.096 volt full scale, 200kn is near opti¬ 
mum and similarly a 20kn for a 409.6mV scale. For other 
values of full scale voltage, Rinj should be chosen by the 
relation 

full scale voltage 
— 

Integrating Capacitor 

The integrating capacitor C|nt should be selected to give 
the maximum integrator output voltage swing without satu¬ 
rating the integrator (approximately 0.3 volt from either sup¬ 
ply). For the ICL7109 with +5 volt supplies and analog 
common connected to GND, a ±3.5 to ±4 volt integrator 
output swing is nominal. For l-y^ conversions per second 
(61.72kHz clock frequency) as provided by the crystal oscil¬ 
lator, nominal values for C|nt and Caz are 0.15jLtF and 
0.33jaF, respectively. If different clock frequencies are used, 
these values should be changed to maintain the integrator 
output voltage swing. In general, the value of C|nt is given 
by 

(2048 X clock period)(20jLiA) 
integrator output voltage swing 

An additional requirement of the integrating capacitor is 
that it have low dielectric absorption to prevent roll-over er¬ 
rors. While other types of capacitors are adequate for this 
application, polypropylene capacitors give undetectable er¬ 
rors at reasonable cost up to 85°C. For the military tempera¬ 
ture range. Teflon® capacitors are recommended. While 
their dielectric absorption characteristics vary somewhat 
from unit to unit, selected devices should give less than 0.5 
count of error due to dielectric absorption. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system: the smaller the capacitor the 
lower the overall system noise. However, Caz cannot be 
increased without limits since it, in parallel with the integrat¬ 
ing capacitor forms an R-C time constant that determines 
the speed of recovery from overloads and more important 
the error that exists at the end of an auto-zero cycle. For 
409.6mV full scale where noise is very important and the 
integrating resistor small, a value of Caz twice C|nt's opti¬ 
mum. Similarly for 4.096V full scale where recovery is more 
important than noise, a value of Caz equal to half of C|nt is 
recommended. 

For optimal rejection of stray pickup, the outer foil of Caz 
should be connected to the R-C summing junction and the 
inner foil to pin 31. Similarly the outer foil of C|nt should be 
connected to pin 32 and the inner foil to the R-C summing 
junction. Teflon®, or equivalent, capacitors are recommend¬ 
ed above 85°C for their low leakage characteristics. 
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Reference Capacitor 

A 1 juiF capacitor gives good results in most applications. 
However, where a large reference common mode voltage 
exists (i.e. the reference low is not at analog common) and 
a 409.6mV scale is used, a larger value is required to pre¬ 
vent roll-over error. Generally lOjitF will hold the roll-over 
error to 0.5 count in this instance. Again, Teflon®, or equiva¬ 
lent capacitors should be used for temperatures above 85°C 
for their low leakage characteristics. 

Reference Voltage 

The analog input required to generate a full scale output 
of 4096 counts is V|n = 2Vref- Thus for a normalized scale, 
a reference of 2.048V should be used for a 4.096V full 
scale, and 204.8mV should be used for a 0.4096V full scale. 
However, in many applications where the A/D is sensing 
the output of a transducer, there will exist a scale factor 
other than unity between the absolute output voltage to be 
measured and a desired digital output. For Instance, in a 
weighing system, the designer might like to have a full scale 
reading when the voltage from the transducer is 0.682V. 
Instead of dividing the input down to 409.6mV, the input 
voltage should be measured directly and a reference volt¬ 
age of 0.341V should be used. Suitable values for integrat¬ 
ing resistor and capacitor are 33kfl and O.ISjuF. This avoids 
a divider on the input. Another advantage of this system 
occurs when a zero reading is desired for non-zero input. 
Temperature and weight measurements with an offset or 
tare are examples. The offset may be introduced by con¬ 
necting the voltage output of the transducer between com¬ 
mon and analog high, and the offset voltage between com¬ 
mon and analog low, observing polarities carefully. Howev¬ 
er, in processor-based systems using the ICL7109, it may 
be more efficient to perform this type of scaling or tare sub¬ 
traction digitally using software. 

Reference Sources 

The stability of the reference voltage Is a major factor In 
the overall absolute accuracy of the converter. The resolu¬ 
tion of the ICL7109 at 12 bits is one part in 4096, or 
244ppm. Thus if the reference has a temperature coefficient 
of 80ppm/"C (onboard reference) a temperature difference 
of 3"C will introduce a one-bit absolute error. 

For this reason, it Is recommended that an external high- 
quality reference be used where the ambient temperature is 
not controlled or where high-accuracy absolute measure¬ 
ments are being made. 

The ICL7109 provides a REFerence OUTput (pin 29) 
which may be used with a resistive divider to generate a 
suitable reference voltage. This output will sink up to about 
20mA without significant variation in output voltage, and is 
provided with a pullup bias device which sources about 
lOjuA. The output voltage is nominally 2.8V below V+, and 
has a temperature coefficient of ± 80ppm/‘’C typ. When us¬ 
ing the onboard reference, REF OUT (Pin 29) should be 
connected to REF- (pin 39), and REF+ should be con¬ 
nected to the wiper of a precision potentiometer between 
REF OUT and V+. The circuit for a 204.8mV reference is 
shown in the test circuit. For a 2.048mV reference, the fixed 
resistor should be removed, and a 25kll precision potenti¬ 
ometer between REF OUT and V+ should be used. 


Note that if pins 29 and 39 are tied together and pins 39 
and 40 accidentally shorted (e.g., during testing), the refer¬ 
ence supply will sink enough current to destroy the device. 
This can be avoided by placing a 1 kH resistor in series with 
pin 39. 

DETAILED DESCRIPTION 
Digital Selection 

The digital section includes the clock oscillator and scal¬ 
ing circuit, a 12-bit binary counter with output latches and 
TTL-compatible three-state output drivers, polarity, over¬ 
range and control logic, and UART handshake logic, as 
shown in Figure 5. 

Throughout this description, logic levels will be referred to 
as “low” or “high”. The actual logic levels are defined in the 
Electrical Characteristics Table. For minimum power con¬ 
sumption, all inputs should swing from GND (low) to V+ 
(high). Inputs driven from TTL gates should have 3-5kn 
pullup resistors added for maximum noise immunity. 

MODE Input 

The MODE input is used to control the output mode of the 
converter. When the MODE pin is low or left open (this input 
is provided with a pulldown resistor to ensure a low level 
when the pin is left open), the converter is in its “Direct” 
output mode, where the output data is directly accessible 
under the control of the chip and byte enable inputs. When 
the MODE input is pulsed high, the converter enters the 
UART handshake mode and outputs the data in two bytes, 
then returns to “direct” mode. When the MODE input is left 
high, the converter will output data in the handshake mode 
at the end of every conversion cycle. (See section entitled 
“Handshake Mode” for further details). 

STATUS Output 

During a conversion cycle, the STATUS output goes high 
at the beginning of Signal Integrate (Phase II), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 4 for de¬ 
tails of this timing. This signal may be used as a “data valid” 
flag (data never changes while STATUS is low) to drive in¬ 
terrupts, or for monitoring the status of the converter. 

RUN/HOLD Input 

When the RUN/HOLD input is high, or left open, the cir¬ 
cuit will continuously perform conversion cycles, updating 
the output latches after zero crossing during the Deinte- 
grate (Phase III) portion of the conversion cycle (See Figure 
4). In this mode of operation, the conversion cycle will be 
performed in 8192 clock periods, regardless of the resulting 
value. 

If RUN/HOLD goes low at any time during Deintegrate 
(Phase III) after the zero crossing has occurred, the circuit 
will immediately terminate Deintegrate and jump to Auto- 
Zero. This feature can be used to eliminate t he time spent in 
Deintegrate after the zero-crossing. If RUN/HOLD stays or 
goes low, the converter will ensure minimum Auto -Zero 
time, and then wait in Auto-Zero until the RUN/HOLD input 
goes high. The converter will begin the Integrate (Phase II) 
portion of the next conversion (and the STATUS output will 
go high) seven clock periods after the high level is detected 
at RUN/HOLD. See Figure 6 for details. 
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Figure 6: Run/Hoid Operation 


Using the RUN/HOLD input in this manner allows an 
easy “convert on demand” interface to be use d. The con- 
verter may b e held at idle in auto-zero with RUN/HOLD low. 
When RUN/HOLD goes high the conversion is started, and 
when the STATUS output goes low the new data is valid (or 
transfe rred to the UART —see Handshake Mode). RUN/ 
HOLD may now be taken low which terminates deintegrate 
and ensures a minimum Auto-Zero time before the next 
conversion. 

Alternately, RUN/HOLD can be used to minimize conver¬ 
sion time by ensuring that it goes low during Deintegrate, 
after zero crossing, and goes high after t he hol d point is 
reached. The required activity on the RUN/HOLD input can 
be provided by connecting it to the Buffered Oscillator Out¬ 
put. In this mode the conversion time is dependent on the 
input value measured. Also refer to Intersil Application Bul¬ 
letin A032 for a discussion of the effects this will have on 
Auto-Zero performance. 


If the RUN/HOLD input goes low and stays low during 
Auto-Zero (Phase I), the converter will sim ply stop at the 
end of Auto-Zero and wait for RUN/HOLD to go high. As 
above, Integrate (Phase II) begins seven clock periods after 
the high level is detected. 

Direct Mode 

When the MODE pin is left at a low level, the data outputs 
(bits 1 through 8 low order byte, bits 9 through 12, polarity 
and over-range high order byte) are accessible under con¬ 
trol of the byte and chip enable terminals as inputs. These 
three inputs are all active low, and are provided with pullup 
resistors to ensure an inactive high level when left open. 
When the chip enable input is low, taking a byte enable 
input low will allow the outputs of that byte to become active 
(three-stated on). This allows a variety of parallel data ac¬ 
cessing techniques to be used, as shown in the section enti¬ 
tled “Interfacing.” The timing requirements for these out¬ 
puts are shown in Figure 7 and Table 2. 
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Table 2 — Direct Mode Timing 
Requirements 

(See Note 4 of Electrical Characteristics) 


SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNIT 

tBEA 

Byte Enable Width 

350 

220 


ns 

tDAB 

Data Access Time 
from Byte Enable 


210 

350 

ns 

tDHB 

Data Hold Time 
from Byte Enable 


150 

300 

ns 

tCEA 

Chip Enable Width 

400 

260 


ns 

tOAC 

Data Access Time 
from Chip Enable 


260 

400 

ns 

tDHC 

Data Hold Time 
from Chip Enable 


240 

400 

ns 



It should be noted that these control inputs are asynchro¬ 
nous with respect to the converter clock — the data may be 
accessed at any time. Thus it is possible to access the 
latches while they are being updated, which could lead to 
erroneous data. Synchronizing the access of the latches 
with the conversion cycle by monitoring the STATUS output 
will prevent this. Data is never updated while STATUS is 
low. 

Handshake Mode 

The handshake output mode Is provided as an alternative 
means of interfacing the ICL7109 to digital systems, where 
the A/D converter becomes active in controlling the flow of 
data instead of passively responding to chip and byte en¬ 
able inputs. This mode is specifically designed to allow a 
direct interface between the ICL7109 and industry-standard 
UARTs (such as the Intersil IM6402/3) with no external log¬ 
ic required. When triggered into the handshake mode, the 


ICL7109 provides all the control and flag signals necessary 
to sequentially transfer two bytes of data into the UART and 
initiate their transmission in serial form. This greatly eases 
the task and reduces the cost of designing remote data ac¬ 
quisition stations using serial data transmission. 

Entry into the handshake mode is controlled by the 
MODE pin. When the MODE terminal Is held high, the 
ICL7109 will enter the handshake mode after new data has 
been stored in the output latches at the end of a conversion 
(See Figures 8 and 9). The MODE terminal may also be 
used to trigger entry into the handshake mode on demand. 
At any time during the conversion cycle, the low to high 
transition of a short pulse at the MODE input will cause 
immediate entry into the handshake mode. If this pulse oc¬ 
curs while new data is being stored, the entry into hand¬ 
shake mode is delayed until the data is stable. While the 
converter is in the handshake mode, the MODE Input is 
ignored, and although conversions will still be performed, 
data updating will be Inhibited (See Figure 10) until the con¬ 
verter completes the output cycle and clears the handshake 
mode. 

When the converter enters the handshake mode, or when 
the MODE Input is high, the chip and byte enable terminals 
become TTL-compatible outputs which provide the control 
signals for the output cycle (See Figures 8, 9, and 10). 

In handshake mode, the SEND input Is used by the con¬ 
verter as an Indication of the ability of the receiving device 
(such as a UART) to accept data. 

Figure 8 shows the sequence of the output cycle with 
SEND held high. The handshake mode (Internal MODE 
high) is entered after the da t a latch pul se, and since MODE 
remains high the CE/LOAD, LBEN and HBEN terminals are 
active as outputs. The high level at the SEND input is 
sensed on the same high to low internal clock edge that 
terminates the data lat ch pulse. O n the n ext low to high 
internal clock edge the CE/LOAD and the HBEN outputs 
assume a low level, and the high-order byte (bits 9 thro ugh 
12, POL, and OR) outputs are enabled. The CE/LOAD out¬ 
put remains low for one full internal clock period only, the 
data outputs remain active for l-Yz internal clock periods, 
and the hi gh byte en able remains low for two clock periods. 
Thus the CE/LOAD output low level or low to high edge 
may be used as a synchronizing signal to ensure valid data, 
and the byte enable as an output may be used as a byte 
identification flag. With SEND remai ning high th e con verter 
completes the output cycle using CE/LOAD and LBEN 
while the low order byte outputs (bits 1 through 8) are acti¬ 
vated. The handshake mode is terminated when both bytes 
are sent. 

Figure 9 shows an output sequence where the SEND in¬ 
put is used to delay portions of the sequence, or handshake 
to ensure correct data transfer. This timing diagram shows 
the relationships that occur using an industry-standard 
IM640y3 CMOS UART to interface to serial data channels. 
In this interface, the SEND input to the ICL7109 is driven by 
the TBRE (Tran smitter Buff er Register Empty) output of the 
UART, and the CE/LOAD terminal of the ICL7109 drives 
the TBRL (Transmitter Buffer Register Load) input to the 
UART. The data outputs are paralleled into the eight Trans¬ 
mitter Buffer Register inputs. 
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Figure 10: Handshake Triggered By Mode 


Assuming the UART Transmitter Buffer Register is empty, 
the SEND input will be high when th e handsha ke m ode is 
entered after new data is stored. The CE/LOAD and HBEN 
terminals will go low after SEND is sens ed, and the high 
order byte outputs become active. When CE/LOAD goes 
high at the end of one clock period, the high order byte data 
is clocked into the UART Transmitter Buffer Register. The 
UART TBRE o utput w ill now go low, which halts the output 
cycle with the HBEN output low, and the high order byte 
outputs active. When the UART has transferred the data to 
the Transmitter Register and cleared the Transmitter Buffer 
Register, the TBRE returns high. On the next ICL7109 inter¬ 
nal clock high to low edge, the high order byt e outp uts are 
disabled, and one-half internal clock l ater, the H BEN output 
returns high. At the same time, the CE/LOAD and LBEN 
outputs go low, and the low order byte outputs become ac¬ 
tive. Similarly, when the CE/LOAD returns high at the end of 
one clock period, the low order data is clocked Into the 
UART Transmitter Buffer Register, and TBRE again goes 
low. When TBRE returns to a high it will be sensed on the 
next ICL7109 internal clock high to low edge, disabling the 
data outputs. One-half intern al clock later, the hand shake 
mode will be cleared, and the CE/LOAD, HBEN, and LBEN 
terminals return high and stay active (as long as MODE 
stays high). 


With the MODE input remaining high as in these exam¬ 
ples, the converter will output the results of every conver¬ 
sion except those completed during a handshake operation. 
By triggering the converter into handshake mode with a low 
to high edge on the MODE input, handshake output se¬ 
quences may be performed on demand. Figure 9 shows a 
handshake output sequence triggered by such an edge. In 
addition, the SEND input is shown as being low when the 
converter enters handshake mode. In this case, the whole 
output sequence is controlled by the SEND input, and the 
sequence for the first (high order) byte is similar to the se¬ 
quence for the second byte. This diagram also shows the 
output sequence taking longer than a conversion cycle. 
Note that the converter s till ma kes conversions, with the 
STATUS output and RUN/HOLD input functioning normally. 
The only difference is that new data will not be latched 
when in handshake mode, and is therefore lost. 

Oscillator 

The ICL7109 is provided with a versatile three terminal 
oscillator to generate the internal clock. The oscillator may 
be overdriven, or may be operated with an RC network or 
crystal. The OSCILLATOR SELECT input changes the inter¬ 
nal configuration of the oscillator to optimize it for RC or 
crystal operation. 
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When the OSCILLATOR SELECT input is high or left 
open (the input is provided with a pullup resistor), the oscil¬ 
lator is configured for RC operation, and the internal clock 
will be of the same frequency and phase as the signal at the 
BUFFERED OSCILLATOR OUTPUT. The resistor and ca¬ 
pacitor should be connected as in Figure 11. The circuit will 
oscillate at a frequency given by f=0.45/RC. A lOOkft re¬ 
sistor is recommended for useful ranges of frequency. For 
optimum 60Hz line rejection, the capacitor value should be 
chosen such that 2048 clock periods is close to an integral 
multiple of the 60Hz period (but should not be less than 



When the OSCILLATOR SELECT Input is low a feedback 
device and output and Input capacitors are added to the 
oscillator. In this configuration, as shown in Figure 12, the 
oscillator will operate with most crystals In the 1 to 5MHz 
range with no external components. Taking the OSCILLA¬ 
TOR SELECT input low also Inserts a fixed ^58 divider 
circuit between the BUFFERED OSCILLATOR OUTPUT 
and the internal clock. Using an inexpensive 3.58MHz TV 
crystal, this division ratio provides an integration time given 
by: 

r 58 1 

T = (2048 clock periods) x = 33.18ms 

L3.58MHz J 

This time is very close to two 60Hz periods or 33.33ms. The 
error is less than one percent, which will give better than 
40dB 60Hz rejection. The converter will operate reliably at 
conversion rates of up to 30 per second, which corresponds 
to a clock frequency of 245.8kHz. 



If at any time the oscillator is to be overdriven, the over¬ 
driving signal should be applied at the OSCILLATOR IN¬ 
PUT, and the OSCILLATOR OUTPUT should be left open. 
The internal clock will be of the same frequency, duty cycle, 
and phase as the input signal when OSCILLATOR SELECT 
is left open. When OSCILLATOR SELECT is at GND, the 
clock will be a factor of 58 below the Input frequency. 

When using the ICL7109 with the IM6403 UART, It is pos¬ 
sible to use one 3.58MHz crystal for both devices. The 
BUFFERED OSCILLATOR OUTPUT of the ICL7109 may be 
used to drive the OSCILLATOR INPUT of the UART, saving 
the need for a second crystal. However, the BUFFERED 
OSCILLATOR OUTPUT does not have a great deal of drive 
capability, and when driving more than one slave device, 
external buffering should be used. 

Test Input 

When the TEST input is taken to a level halfway between 
V+ and GND, the counter output latches are enabled, al¬ 
lowing the counter contents to be examined anytime. 

When the TEST input is connected to GND, the counter 
outputs are ail forced into the high state, and the internal 
clock is disabled. When the input returns to the Va (V+ 
-GND) voltage (or to V+) and one clock is applied, ail the 
counter outputs will be clocked to the low state. This allows 
easy testing of the counter and its outputs. 

INTERFACING 
Direct Mode 

Figure 13 shows some of the combinations of chip enable 
and byte enable control signals which may be used when 
interfacing the ICL7109 to parallel data lines. The CE/LOAD 
input may be tied low, allowing either byte to be controlled 
by its own enable as in Figure 13A. Figure 13B shows a 
configuration where the two byte enables ar e connected 
together. In this co nfigurat ion, the CE /LOAD serves as a 
chip enable, and the HBEN and LBEN may be connected to 
GND or serve as a second chip enable. The 14 data outputs 
will all be enable d simultaneously. Figure 13C shows the 
HBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from 
most microprocessors. 

Figure 14 shows an appro ach to int erfacin g several 
ICL7109S to a bus, ganging the HBEN and LBEN sign als to 
several converters together, and using the CE/LOAD inputs 
(perhaps decoded from an address) to select the desired 
converter. 
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Figure 13: Direct Mode Chip and Byte Enable Combinations 
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Figure 14: Tri-stating Several 7109’s to a Small Bus 


Some practical circuits utilizing the parallel three-state 
output capabilities of the ICL7109 are shown in Figures 15 
through 20. Figure 15 shows a straightforward application to 
the Intel 8048/80/85 microprocessors via an 8255PPI, 
where the ICL7109 data outputs are active at all times. The 
I/O ports of an 8155 may be used in the same way. This 
interface can be used in a read-anytime mode, although a 
read performed while the data latches are being updated 
will lead to scrambled data. This will occur very rarely, in the 
proportion of setup-skew times to conversion time. One way 
to overcome this is to read the STATUS output as well, and 
if it is high, read the data again after a delay of more than Va 


converter clock period. If STATUS is now low, the second 
reading is correct, and if it is still high, the first reading is 
correct. Alternatively, this timing problem is completely 
avoided by using a read-after-update sequence, as shown 
in Figure 16. Here the high to low transition of the STATUS 
output drives an interrupt to the microprocessor causing it 
to ac cess th e data latches. This application also shows the 
RUN/HOLD input being used to initiate conversions under 
software control. 

A similar interface to Motorola MC6800 or Rockwell 
R650X systems is shown in Figure 17. The high to low tran¬ 
sition of the STATUS output generates an interrupt via the 
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Figure 15: Full-time Parallel Interface to 8048/80/85 Microprocessors 



Figure 16: Full-time Parallel Interface to 8048/80/85 Microprocessors With Interrupt 


Contr ol Reg ister B CB1 line. Note that CB2 controls the 
RUN/HOLD pin through Control Register B, allowing soft¬ 
ware-controlled initiation of conversions in this system as 
well. 

The three-state output capability of the ICL7109 allows 
direct interfacing to most microprocessor busses. Examples 
of this are shown in Figures 18 and 19. It is necessary to 
carefully consider the system timing in this type of interface, 


to be sure that requirements for setup and hold times, and 
minimum pulse widths are met. Note also the drive limita¬ 
tions on long buses. Generally this type of interface is only 
favored if the memory peripheral address density is low so 
that simple address decoding can be used. Interrupt han¬ 
dling can also require many additional components, and us¬ 
ing an interface device will usually simplify the system in this 
case. 
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Figure 17: Full-time Parallel Interface to MC680X or MCS650X Microprocessors 
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Figure 18: Direct Interface — ICL7109 to 8080/8085 
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Figure 19: Direct ICL7109 — MC680X Bus Interface 


Handshake Mode 

The handshake mode allows ready interface with a wide 
variety of external devices. For instan ce, externa l latches 
may be clocked by the rising edge of CE/LOAD, and the 
byte enables may be used as byte identification flags or as 
load enables. 

Figure 20 shows a handshake interface to Intel micro¬ 
processors again using an 8255PPI. The handshake opera¬ 
tion with the 8255 is controlled by inverting its Input Buffer 
Full (IBF) flag to driv e the SEND input to the ICL7109, and 
using the CE/LOAD to drive the 8255 strobe. The internal 
control register of the PPI should be set in MODE 1 for the 
port used. If the 7109 is In handshake mode and the 8255 
IBF flag is low, the next word will be strobed into the port. 
The strobe will cause IBF to go high (SEND goes low), 
which will keep the enabled byte outputs active. The PPI will 
generate an interrupt which when executed will result in the 
data being read. When the byte is read, the IBF will be reset 
low, which causes the ICL7109 to sequence into the next 
byte. This figure shows the MODE input to the ICL7109 con¬ 
nected to a control line on the PPI. If this output is left high, 
or tied high separately, the data from every conversion (pro¬ 
vided the data access takes less time than a conversion) 
will be sequenced in two bytes into the system. 

If this output is made to go from low to high, the output 
sequence can be obtained on demand, and the interrupt 
may b e used to reset the MODE bit. Note that the RUN/ 
HOLD input to the ICL7109 may also be driven by a bit of 
the 8255 so that conversions may be obtained on command 


under software control. Note that one port of the 8255 is not 
used, and can service another peripheral device. The same 
arrangement can also be used with the 8155. 

Figure 21 shows a similar arrangement with the MC6800 
or M CS650X microprocessors, except that both MODE and 
RUN/HOLD are tied high to save port outputs. 

The handshake mode is particularly convenient for direct¬ 
ly interfacing to industry standard UARTs (such as the Inter¬ 
sil IM6402/6403 or Western Digital TR1602) providing a 
minimum component count means of serially transmitting 
converted data. A typical UART connection is shown in Fig¬ 
ure 2A. In this circuit, any word received by the UART caus¬ 
es the UART DR (Data Ready) output to go high. This drives 
the MODE input to the ICL7109 high, triggering the ICL7109 
into handshake mode. The high order byte is output to the 
UART first, and when the UART has transferred the data to 
the Transmitter Register, TBRE (SEND) goes high and the 
secon d byte is output. When TBRE (SEND) goes high 
again, LBEN will go high, driving the UART DRR (Data 
Ready Reset) which will signal the end of the transfer of 
data from the ICL7109 to the UART. 

Figure 22 shows an extension of the one converter — 
one UART scheme to several ICL7109s with one UART. In 
this circuit, the word received by the UART (available at the 
RBR outputs when DR is high) is used to select which con¬ 
verter will handshake with the UART. With no external com¬ 
ponents, this scheme will allow up to eight ICL7109s to in¬ 
terface with one UART. Using a few more components to 
decode the received word will allow up to 256 converters to 
be accessed on one serial line. 
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Figure 20: Handshake Interface — ICL7109 to 8048,80/85 
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THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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0336-25 

Figure 22: Multiplexing Converters with Mode Input 

The applications of the ICL7109 are not limited to those 
shown here. The purpose of these examples is to provide a 
starting point for users to develop useful systems, and to 
show some of the variety of interfaces and uses of the 
ICL7109. Many of the ideas suggested here may be used in 
combin ation; in particular the uses of the STATUS, RUN/ 

HOLD, and MODE signals may be mixed. 

APPLICATION NOTES 

A016 “Selecting A/D Converters,” by David Fullagar 
A017 “The Integrating A/D Converters,” by Lee Evans 
A018 “Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 
A030 “The ICL7104 — A Binary Output A/D Converter for 
Microprocessors,” by Peter Bradshaw 
A032 “Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106 Family,” by Peter 
Bradshaw 

R005 “Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al. Electronics, Dec. 9,1976. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ICL7112 

12-Bit High-Speed 
CMOS jaP-Compatible 
A/D Converter ^ 



GENERAL DESCRIPTION 


FEATURES 


The ICL7112 is a monolithic 12-bit resolution, fast suc¬ 
cessive approximation A/D converter. It uses thin film resis¬ 
tors and CMOS circuitry combined with an on-chip PROM 
calibration table to achieve 12-bit linearity without laser trim¬ 
ming. Special design techniques used in the DAC and com¬ 
parator result in high speed operation, while the fully static 
silicon-gate CMOS circuitry keeps the power dissipation 
very low. 

Microprocessor bus interf acing is eased by the use of 
standard memory WRit e and ReaD cycle timing and control 
signals, combined with Chip Select and Address pins. The 
digital output pins are byte-organized and three-state gated 
for bus interface to 8- and 16-bit systems. 

The ICL7112 provides separate Analog and Digital 
grounds for increased system accuracy. Operating with 
±5V supplies, the ICL7112 accepts OV to + 10V input with 
a -10V reference or OV to -10V input with a + 10V refer¬ 
ence. 


• 12-Bit Resolution and Accuracy 

• No Missing Codes 

• Microprocessor Compatible Byte-Organized Buffered 
Outputs 

• Auto-Zeroed Comparator for Low Offset Voltage 

• Low Linearity and Gain Temperature Coefficients 

• Low Power Consumption (60 mW) 

• No Gain or Offset Adjustment Necessary 

• Provides 3% Useable Overrange 

• Fast Conversion (30 jasec.) 

ORDERING INFORMATION 


Part 

Number 

Resolution 

with No 
Missing 
Codes 

Temperature 

Range 

Package 

ICL7112JCDL 

ICL7112KCDL 

11 Bits 

12 Bits 

O'C to 4- 70'^C 

O'Cto +70“C 

40 Pin Ceramic 
40 Pin Ceramic 

ICL7112J1DL 

ICL7112KIDL 

11 Bits 

12 Bits 

-25®Cto+85'’C 
-25“Cto+85'’C 

40 Pin Ceramic 
40 Pin Ceramic 

ICL7112JMDL 

ICL7112KMDL 

11 Bits 

12 Bits 

-55“Cto H-125“C 
-SS^Cto +125“C 

40 Pin Ceramic 
40 Pin Ceramic 



> OVR 

> Dll (MSB) 
) Do(LSB) 


Figure 1: iCL7112 Functional Diagram 
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Figure 2: Pin Configuration 
(Outline Dwg. DL) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301657-001 


NOTE; AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS (1) 

Supply Voltage V+ to DGND.-0.3V to +6.5V 

Supply Voltage V" to DGND.+0.3V to -6.5V 

VreR V|n to DGND.±25V 

AGNDto DGND.+1Vto -1V 

Vref. V|n. AGND Current.25 mA 

Digital I/O Pin Voltages.-0.3V to (V+ +0.3V) 

PROG to DGND Voltage .V" to (V+ +0.3) 

Note 1: All voltages with respect to DGND, unless otherwise noted. 

2: Assumes all leads soldered or welded to printed circuit board. 


Operating Temperature 

ICL7112XCXX.0"C to + 70“C 

ICL7112XIXX.- 25“C to + 70^0 

ICL7112XMXX.-55“Cto +125"C 

Storage Temperature.-65"C to + 150“C 

Power Dissipation (Note 2).500 mW 

derate above 70®C @10 mW/^C 
Lead Temperature (soldering, 10 sec.) .300“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


D.C. ELECTRICAL CHARACTERISTICS 

V+ = +5V, y- = -5V, Vref = -10.0V, Ta = +25°C, folk = 500 kHz unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 


Resolution 


12 



Bits 

Ile 

Integral Linearity Error 

Note 1 

J 



±.024 

%FSR 

K 



±.012 

%FSR 

Tc(ILE) 

Temperature Coefficient of Ile 

Ta = Operating Range 


1 

1.5 

ppm/“C 

RES(nmc) 

Resolution with No Missing Codes 


J 

11 



Bits 

K 

12 



FSE 

Full Scale Calibration Error 

Adjustable to Z^o 



±0.1 

%FSR 

ZE 

Zero Error 




±1 

LSB 

PSRR 

Power Supply Rejection Ratio 




±1 

LSB 

V|N 

Analog Input Range (V|n, Vref) it 


0 


10 

V 

Rin 

Input Resistance (Vin, Vref) 


4 


9 

kCl 

ISUPPLY 

Supply Current I + , 1“ 



2 

4 

mA 

VSUPPLY 

Supply Voltage Range 

Functional Operation Only 

±4.5 


±6.0 

V 

V|L 

Low State Input Voltage 




0.8 

V 

V|H 

High State Input Voltage 


2.4 



V 

Ilih 

Logic Input Current 

0 < V|N < V+ 


1 

10 

julA 

VoL 

Low State Output Voltage 

louT =1-6 mA 



0.4 

V 

VOH 

High State Output Voltage 

louT == 200 jiiA 

2.8 



V 

Iqx 

Three-State Output Current 

0 < VquT < v+ 


1 


juiA 

CR 

Conversion Rate 



30 


flS 


Note 1: Full Scale Range (FSR) is 10 V (reference adjusted). 

2: Assume all leads soldered or welded to printed circuit board. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ICL7115 

14-Bit High-Speed 
CMOS juP-Compatibie 
A/D Converter 

GENERAL DESCRIPTION 

The ICL7115 is the first monolithic 14-bit resolution, fast 
successive approximation A/D converter. It uses thin film 
resistors and CMOS circuitry combined with an on-chip 
PROM calibration table to achieve 13-bit linearity without 
laser trimming. Special design techniques used in the DAC 
and comparator result in high speed operation, while the 
fully static silicon-gate CMOS circuitry keeps the power dis¬ 
sipation very low. 

Microproc essor bus i nterfac ing is made easy by the use 
of standard WRite and ReaD c ycle timing and control sig¬ 
nals, combined with Chip Select and Address pins. The digi¬ 
tal output pins are byte-organized and three-state gated for 
bus interface to 8 and 16-bit systems. 

The ICL7115 provides separate Analog and Digital 
grounds. Analog ground, voltage reference and input volt¬ 
age pins are separated into force and sense lines for in¬ 
creased system accuracy. Operating with ± 5V supplies, the 
ICL7115 accepts OV to +5V input with a -5V reference or 
OV to - 5V input with a + 5V reference. 

ORDERING INFORMATION 



FEATURES 

• 14-Bit Resolution (LSB = 305/1V) 

• No Missing Codes 

• Microprocessor Compatible Byte-Organized Buffered 
Outputs 

• Fast Conversion (40jus) 

• Auto-Zeroed Comparator for Low Offset Voltage 

• Low Linearity and Gain Tempco 
(1.5ppm/X, appm/X) 

• Low Power Consumption (60mW) 

• No Gain or Offset Adjustment Necessary 

• Provides 3% Useable Overrange 

• FORCE/SENSE and Separate Digital and Analog 
Ground Pins for Increased System Accuracy 


Part 

Number 

Resoiution 

with No 
Missing Codes 

Temp. 

Range 

Package 

ICL7115JCDL 

12 Bits 

0“Cto +70°C 

40 Pin Ceramic 

ICL7115KCDL 

13 Bits 

0“Cto +70“C 

40 Pin Ceramic 

ICL7115JIDL 

12 Bits 

-25“Cto +85‘’C 

40 Pin Ceramic 

ICL7115KIDL 

13 Bits 

-25“Cto +85°C 

40 Pin Ceramic 

ICL7115JMDL 

12 Bits 

-55‘*Cto +125‘*C 

40 Pin Ceramic 

ICL7115KMDL 

13 Bits 

-55“Cto +125X 

40 Pin Ceramic 

ICL7115JMLL 

12 Bits 

-55“Cto +125“C 

40 Pin LCC 

ICL7115KMLL 

13 Bits 

-55“Cto +125“C 

40 Pin LCC 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301659-003 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS (Notei) 


Supply Voltage V+to DGND .-0.3Vto+6.5V 

Supply Voltage V“ to DGND .+0.3V to -6.5V 

VREFs.VREFf.V|Ns.V|NftoDGND .+ 25V to -25V 

AGNDs, AGNDftoDGND .+1Vto-1V 

Current in FORCE and SENSE Lines .25mA 

Digital I/O Pin Voltages .-0.3V to V+ +0.3V 

PROG to DGND Voltage .V- to V+ +0.3V 


NOTE 1: All voltages with respect to DGND, unless otherwise noted. 


Operating Temperature Range 

ICL7115XCXX...0“C to + 70^0 

ICL7115XIXX .-25‘’Cto+85“C 

ICL7115XMXX .-55“Cto+125“C 

Storage Temperature Range.-65®C to + 150‘’C 

Power Dissipation . 500mW 

derate above 70“C @ 100mW/“C 
Lead Temperature (Soldering, 10sec) . 300‘’C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliabiiity. 
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Figure 1: Pin Configuration 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

DC ELECTRICAL CHARACTERISTICS V+= +5.0V, V- = -5.0V, Vrefs= -5.0V, TA=+25“C.fcLK= 500kHz, 

SC=V|H unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 


Resolution 

X 

> 

11 

u 

14 



Bits 

SC = V|L 

12 



Ile 

Integral Linearity Error 

Note 1 

J 



±0.018 

%FSR 

K 



±0.012 

Tc(ILE) 

Temperature Coefficient of Ile 

TA= Operating Range 


1 

1.5 

ppm/*C 

RES(nmc) 

Min Resolution with No Missing Codes 

Ta=25“C 

J 

12 



Bits 

K 

13 



Ta=O perating Range (Note 2) 

J 

11 



K 

12 



FSE 

Full Scale Calibration Error 

(Adjustable to Zero) 


J 



±0.1 

%FSR 

K 



±0.08 

Tc(fse) 

Temperature Coefficient of FSE 

Ta = Operating Range 


2 

5 

ppm/“C 

ZE 

Zero Error 

Notes 1,2 



±1 

LSB 

TcfZE) 

Temperature Coefficient of ZE 

Ta=O perating Range 



1 

ppm/®C 

PSRR 

Power Supply Rejection Ratio 

Ta=25“C 


±y2 

±1 

LSB 

Ta=O perating Range 



±2 

V|N 

Analog Input Range 
(V|Nst Vrefs) 


Oto +5 



V 

Rin 

Input Resistance (V|Ns, Vrefs) 

Note 3 

4 


9 

kn 

Tc(Rin) 


Ta=O perating Range 


-300 


ppm/®C 

•supply 

Supply Current, 1 +, 1 - 

Ta = 25°C 

Ta=O perating Range 


2 

4 

mA 



6 

VsUPPLY 

Supply Voltage Range 

Functional Operation Only 

±4.5 


±6.0 

V 

V|L 

Low State Input Voltage 

Operating Temperature Range 



0.8 

V 

V|H 

High State Input Voltage 

Operating Temperature Range 

2.4 



V 

•lih 

Logic Input Current 

0<V|N>V+ 


1 

10 

ju-A 

VoL 

Low State Output Voltage 

•out == ■•■6mA 

Operating Temperature Range 



0.4 

V 

Vqh 

High State Output Voltage 

•0UT=" -200jixA 

Operating Temperature Range 

2.8 



V 

•ox 

C|N 

Three-State Output Current 

Logic Input Capacitance 

0<VouT>V+ 


1 


fjiA 

PF 


15 


CoUT 

Logic Output Capacitance 

Three-State 


15 



NOTES: 1. Full-scale range (FSR) is 5V (reference adjusted). 

2. Assume all leads soldered or welded to printed circuit board. 

3. Assume all leads soldered or welded to printed circuit board. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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AC ELECTRICAL CHARACTERISTICS V+ -= +5.0V. V - = -5.0 V, Ta= 4-25"C, fcik= 500kHz unless 
otherwise noted. Data derived from extensive characterization testing. Parameters are not 100% production tested. 
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TABLE 1: PIN DESCRIPTIONS 



NAME 

FUNCTION 

n 

VREFf 

FORCE line for reference input. 

D 

AGNDf 

FORCE input for analog ground 


CS 

Chip Select enables reading and writing 
(active low) 

D 

RD 

ReaD (active low) 


Ao 

Byte select (low= Dq - Dy, 
high = D8-Di3, OVR) 

6 


Bus select (low=outputs enabled by Aq, 
high = all outputs enabled together) 

D 


Digital GrouND return 

8 

Di3 

Bit 13 (most significant) 

Bit 12 

Bit 11 

Bit 10 

Bit 9 Output 

Bit 8 Data 

Bit 7 Bits 

Bit 6 (High = True) 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

BItl 

Bit 0 (least significant) 

High Byte 

9 

Di2 

10 

Dii 

11 

Dio 

12 

D9 

13 

Ds 

14 

Dy 

Low Byte 

15 

De 

16 

Ds 

17 

D4 

18 

D3 

19 

□2 

20 

D1 

21 

Do 

22 

Bi5 

Used for programming only (leave open) 

23 

Bi6 

24 

Bi7 

25 

EOC 

End Of Conversion flag (low=busy, 
high = conversion complete) 

26 

OVR 

OVerRange flag (valid at end of conversion 
when output code exceeds full-scale, three- 
state output enabled with high byte) 

27 

V+ 

Positive power supply input 

28 

PROG 

Used for programming only. Tie to V+ for 
normal operation 

29 

TEST 

Used for programming only. Tie to V + for 
normal operation 
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PIN 

NAME 

FUNCTION 

30 

OSC1 

Oscillator inverter input 

31 

OSC2 

Oscillator Inverter output 

32 

SC 

Short cycle Input (high = 14-bit, 
low = 12-bit operation) 

33 

WR 

WRite pulse input (low starts new 
conversion) 

34 

Caz 

Auto-zero capacitor connection 

35 

V- 

Negative power supply input 

36 

COMP 

Used in test, tie to V- 

37 

V|Ns 

SENSE line for input voltage 

38 

VreFs 

SENSE line for reference input 

39 

AGNDs 

SENSE line for analog ground 

40 

ViNf 

FORCE line for input voltage 


TABLE 2: I/O CONTROL 


CS 

WR 

RD 

Ao 

BUS 

FUNCTION 

0 

0 

X 

X 

X 

Initiates a Conversion 

1 

X 

X 

X 

X 

Disables all Chip Commands 

0 

X 

0 

0 

0 

Low Byte is Enabled 

0 

X 

0 

1 

0 

High Byte is Enabled 

0 

X 

0 

X 

1 

Low and High Bytes Enabled Together 

X 

X 

1 

X 

X 

Disables Outputs (High-Impedance) 


TABLE 3: TRANSFER FUNCTION 


INPUT VOLTAGE 

EXPECTED OUTPUT CODE 

Vref= -5.0V 

OVR 

MSB 


LSB 

0 

0 

0 

000000000000 

0 

+ 0.0003 

0 

0 

000000000000 

1 

+ 0.150 

0 

0 

000011110101 

1 

+ 2.4997 

0 

0 

111111111111 

1 

+ 2.500 

0 

1 

000000000000 

0 

+ 4.9994 

0 

1 

111111111111 

0 

+ 4.9997 

0 

1 

111111111111 

1 

+ 5.000 

1 

0 

000000000000 

0 

+ 5.0003 

1 

0 

000000000000 

1 

+ 5.150 

1 

0 

000011110101 

1 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 

The ICL7115 is basically a successive approximation A/D 
converter with an internal structure much more complex 
than a standard SAR-type converter. Figure 2 shows the 
functional diagram of the ICL7115 14-bit A/D converter. 
The additional circuitry incorporated into the ICL7115 is 
used to perform error correction and to maintain the operat¬ 
ing speed in the 40juis range. 

The internal 17-bit DAC of the ICL7115 is designed 
around a radix of 1.85 rather than the traditional 2.00. This 
radix gives each bit of the DAC a weight of approximately 
54% of the previous bit. The result Is a useable range that 
extends to 3% beyond the full-scale input of the A/D. The 
actual value of each bit is measured and stored in the on- 
chip PROM. The absolute value of each bit weight then be¬ 
comes relatively unimportant because of the error correc¬ 
tion action of the ICL7115. 

The output of the high-speed auto-zeroed comparator is 
fed to the data input of a 17-bit successive approximation 
register (SAR). This register is uniquely designed for the 
ICL7115 in that it tests bit pairs instead of individual bits in 
the manner of a standard SAR. At the beginning of the con¬ 
version cycle, the SAR turns on the MSB (B-ie) and the 
MSB-4 bit (B-| 2 )- The sequence continues for each bit pair, 
Bx and Bx. 4 , until only the four LSBs remain. The sequence 
concludes by testing the four LSBs individually. 

The SAR output is fed to the DAC register and to the 
preprogrammed 17-word by 17-bit PROM where it acts as 
PROM address. PROM data is fed to a 17-bit full-adder/ac¬ 
cumulator where the decoded results from each successive 
phase of the conversion are summed with the previous re¬ 
sults. After 20 clock cycles, the accumulator contains the 
final binary data which is latched and sent to the three-state 
output buffers. The accuracy of the A/D converter depends 
primarily upon the accuracy of the data that has been pro¬ 
grammed into the PROM during the final test portion of the 
manufacturing process. 

The error correcting algorithm built into the ICL7115 re¬ 
duces the initial accuracy requirements of the DAC. The 
overlap in the testing of bit pairs reduces the accuracy re¬ 
quirements on the comparator which has been optimized for 
speed. Since the comparator is auto-zeroed, no external ad¬ 
justment is required to get ZERO code for ZERO input volt¬ 
age. 

Twenty clock cycles are required for the complete 14-bit 
conversion. The auto-zero circuitry associated with the 
comparator is employed during the last three clock cycles 
of the conversion to cancel the effect of offset voltage. Also 
during this time, the SAR and accumulator are reset in prep¬ 
aration Jor the start of the next conversion. When the Short 
Cycle (SC) Input is low, 18 clock cycles are required to com¬ 
plete a 12 -bit conversion. 

The overflow output of the 17-bit full-adder is also the 
OVerRange (OVR) output of the ICL7115. Unlike standard 
SAR-type A/D converters, the ICL7115 has the capability of 
providing valid useable data for inputs that exceed the full- 
scale range by as much as 3%. 

OPTIMIZING SYSTEM PERFORMANCE 

The FORCE and SENSE inputs for V|n and Vref are also 
shown driven by external op-amps. This technique ellmi- 
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nates the effect of small voltage drops which can appear 
between the input pin of the 1C package and the actual re¬ 
sistor on the chip. If the small gauge wire and the bonds 
that connect the chip to its package have more than 300mfl 
of total series resistance, the result can be a voltage error 
equivalent to 1LSB. If no op-amps are used for V|n and 
Vref. connections should be made directly to the SENSE 
lines. The external op-amps also serve to transform the rel¬ 
atively low Impedance at the V|n and Vref pins into a high 
impedance. The input offset voltages of these amplifiers 
should be kept low in order to maintain the overall A/D con¬ 
verter system accuracy. 

When using A/D converters with more than 12 bits of 
resolution, special attention must be paid to grounding and 
the elimination of potential ground loops. A ground loop can 
be formed by allowing the return current from the ICL7115’s 
DAC to flow through traces that are common to other ana¬ 
log circuitry. If care is not taken, this current can generate 
small unwanted voltages that add to or detract from the 
reference or input voltages of the A/D converter. 

Ground loops can be eliminated by the use of the analog 
ground FORCE and SENSE lines provided on the ICL7115 
as shown in Figures 5 and 6 . In Figure 5 the FORCE line is 
the only point that is connected to system analog ground. In 
Figure 6 , the op-amp A 3 forces the voltage at AGND to be 
equal to analog system ground. The addition of this op-amp 
overcomes the main deficiency of the arrangement in Fig¬ 
ure 5: the V|n and Vref sources are not referenced to true 
analog system ground. 

The clamp diodes in Figure 6 are required because spuri¬ 
ous op-amp output on AGNDf during power-on can exceed 
the absolute max rating of ±1.0V between AGDf and 
DGND. The two inverse-parallel diodes clamp the voltage 
between AGNDs and DGND to ±0.7V. 

INPUT WARNING 

As with any CMOS integrated circuit, no input voltages 
should be applied to the ICL7115 until the ±5V power sup¬ 
plies have stabilized. 

INTERFACING TO DIGITAL SYSTEMS 

_The ICL7115 provides three-state data output buffers, 

CS, RD, WR, and bus select inputs (Aq and BUS) for inter¬ 
facing to a wide variety of microcomputers and digital sys¬ 
tems. The I/O Control Truth Table shows the functions of 
the digital control lines. The BUS select and Aq lines are 
provided to enable the output data onto e ither 8 -bit or 16-bit 
data buses. A conversion is initiated by a WR pulse (pin 33) 
when CS (pin 3) is low. Data is enabled on the bus when the 
chip is selected and RD (pin 4) is low. 

Figure 7 illustrates a typical interface to an 8 -bit micro¬ 
computer. The “Start and Wait” operation requires the few¬ 
est external components and is initiated by a low level on 
the WR input to the iCL7115 after the J/0 or memory- 
mapped address decoder has brought the CS input low. Af¬ 
ter executing a delay or utility routine for a period of time 
greater than the conversion time of the ICL7115, the proc¬ 
essor issues two consecutive bus addresses to read output 
data into two bytes of memory. A low level on Aq enables 
the LSBs and a high level enables the MSBs. 
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By adding a three-state buffer and two control gates, the 
End-of-Conversion (EOC) output can be used to control a 
“Start and Poll” interface (Figure 8 ). In this mode, the Aq 
and CS lines connect the EOC output to the data bus al ong 
with the most significant byte of data. After pulsing the WR 
line to initiate a conversion, the microprocessor continually 
reads the most significant byte until it detects a high level 
on the EOC bit. The “Start and Poll” interface increases 
data throughput compared with the “Start and Wait” meth¬ 
od by eliminating delays between the conversion termina¬ 
tion and the microprocessor read operation. 

Other interface configurations can be used to increase 
data throughput without monopolizing the microprocessor 
during waiting or polling operations by using the EOC line as 
an interrupt generator as shown in Figure 9. After the con¬ 
version cycle is initiated, the microprocessor can continue 
to execute routines that are independent of the A/D con¬ 
verter until the converter’s output register actually holds val¬ 
id data. For fastest data throughput, the ICL7115 can be 
connected directly to the data bus but controlled by way of 
a Direct Memory Access (DMA) controller as shown in Fig¬ 
ure 9. 

APPLICATIONS 

Figure 11 shows a typical application of the ICL7115 14- 
bit A/D converter. A bipolar input voltage range of + 5V to 
-5V is the result of using the current through R 2 to force a 
Va scale offset on the input amplifier (A 2 ). The output of A 2 
swings from OV to -5V. The overall gain of the A/D is var¬ 
ied by adjusting the lOOkn trim resistor, R 5 . Since the 
ICL7115 is automatically zeroed every conversion, the sys¬ 
tem gain and offset stability will be superb as long as a 
reference with a tempco of 1ppm/“C and stable external 
resistors are used. 

In Figure 11, note that the 0.22/xF auto-zero capacitor is 
connected directly between the Caz pin and analog ground 
SENSE. A 3 forces the analog ground of the ICL7115 to be 
the zero reference for the Input signal. Its offset voltage is 
not important in this example because the voltage to be 
digitized is referred to the analog ground SENSE line rather 
than system analog ground. It is important to note that since 
the 7115’s DAC current flows in Ai, A 2 and A 3 these ampli¬ 
fiers should be wideband (GBW>20MHz) types to minimize 
errors. 

The clock for the ICL7115 is taken from whatever system 
clock Is available and divided down to the 500kHz level for 


a conversion time of 40jas. Output data is controlled by the 
BUS and Aq inputs. Here they are set for 8 -bit bus operation 
with BUS grounded and Aq under the control of the address 
decode section of the external system. 

Because the ICL7115’s internal accumulator generates 
accurate output data for input signals as much as 3% great¬ 
er than full-scale, and because the converter’s OVR output 
flags overrange inputs, a simple microprocessor routine can 
be employed to precisely measure and correct for system 
gain and offset errors. Figure 12 shows a typical data acqui¬ 
sition system that uses a 5.0V reference, input signal multi¬ 
plexer, and input signal Track/Hold amplifier. Two of the 
multiplexer’s input channels are dedicated to sampling the 
system analog ground and reference voltage. Here, as in 
Figure 11, bipolar operation is accommodated by an offset 
resistor between the reference voltage and the summing 
junction of Ai. A flip-flop in IC 3 sets IC 2 ’s Track/Hold input 
after the microprocessor has initiated a WR command, and 
resets when EOC goes high at the end of the conversion. 

The first step in the system calibration routine is to select 
the multiplexer channel that is connected to system analog 
ground and initiate a conversion cycle for the ICL7115. The 
results represent the system offset error which comes from 
the sum of the offsets from IC 1 , IC 2 , and A-i. Next the chan¬ 
nel connected to the reference voltage is selected and 
measured. These results, minus the system offset error, 
represent the system full-scale range. A gain error correc¬ 
tion factor can be derived from this data. Since the ICL7115 
provides valid data for inputs that exceed full-scale by as 
much as 3%, the OVR output can be thought of as a valid 
15th data bit. Whenever the OVR bit is high, however, the 
total 14-bit result should be checked to insure that it falls 
within 100% and 103% of full-scale. Data beyond 103% of 
full-scale should be discarded. 

The ICL7115 provides an internal inverter which is 
brought out to pins OSC 1 and OSC2, for crystal or ceramic 
resonator oscillator operation. The clock frequency is calcu¬ 
lated from: 


and 


20 

fcLK --14-bit operation 

tconv 


18 

^CLK ==-for 12 -bit operation 
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ICL7135 

4y2-Digit BCD Output 
A/D Converter 



GENERAL DESCRIPTION 

The Intersil ICL7135 precision A/D converter, with its 
multiplexed BCD output and digit drivers, combines dual¬ 
slope conversion reliability with ± 1 in 20,000 count accura¬ 
cy and is ideally suited for the visual display DVM/DPM 
market. The 2.0000V full scale capability, auto-zero and 
auto-polarity are combined with true ratiometric operation, 
almost ideal differential linearity and true differential input. 
All necessary active devices are contained on a single 
CMOS I.C., with the exception of display drivers, reference, 
and a clock. 

The Intersil ICL7135 brings together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than IO/aV, zero drift of less 
than 1 jaV/°C, input bias current of 10 pA max., and rollover 
error of less than one count. The versatility of multiplexed 
BCD outputs is increased by the addition of several pins 
which allow it to operate in more sophisticated systems. 
Thes e includ e STROBE, OVERRANGE, UNDER-RANGE, 
RUN/HOLD and BUSY lines, making it possible to interface 
the circuit to a microprocessor or UART. 

ORDERING INFORMATION 


FEATURES 

• Accuracy Guaranteed to ± 1 Count Over Entire 
± 20,000 Counts (2.0000 Volts Full Scale) 

• Guaranteed Zero Reading for 0 Volts input 

• 1pA Typical Input Current 

• True Differential Input 

• True Polarity at Zero Count for Precise Null 
Detection 

• Single Reference Voltage Required 

• Over-Range and Under-Range Signals Available for 
Auto-Range Capability 

• All Outputs TTL Compatible 

• Blinking Outputs Gives Visual Indication of Over¬ 
range 

• Six Auxiliary inputs/Outputs Are Available for 
interfacing to UARTs, Microprocessors or Other 
Circuitry 

• Multiplexed BCD Outputs 


Part Number 

Temp. Range 

Package 

ICL7135CJi 

O^Cto +70“C 

28-Pin CERDIP 

ICL7135CPI 

O^Cto +70"C 

28-Pin Plastic DIP 

ICL7135EV/KIT 

Evaluation Kit 

(PC Board, active, passive components) 



0342-1 

Figure 1: iCL7135 Connection Diagram 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage V+ .+6V 

V- .-9V 

Analog Input Voltage (either input) (Note 1).V+ to V“ 

Reference Input Voltage (either input) .V+ to V“ 

Clock Input.Gnd to V+ 


Power Dissipation (Note 2) 

Ceramic Package .lOOOmW 

Plastic Package.SOOmW 

Operating Temperature.O^Cto +70'’C 

Storage Temperature .-65®Cto+150®C 

Lead Temperature (Soldering, 10sec) . 300“C 


Note 1: Input voltages may exceed the supply voltages provided the input current is limited to +100 jliA. 
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum, rating conditions for extended periods may affect device reliability. 




ELECTRICAL CHARACTERISTICS (Notei) 

(V+ = + 5V, V" = -5V, Ta= 25®C, Clock Frequency Set for 3 Reading/Sec) 


Symbol 

Characteristics 

Test Conditions 

Min 

Typ 

Max 

Unit 

ANALOG (Note 1) (Note 2) 


Zero Input Reading 

V|N = 0.0V 

Full Scale = 2.000V 

-0.0000 

±0.0000 

+ 0.0000 

Digital 

Reading 


Ratiometric Reading (2) 

V|N = Vref 

Full Scale=2.000V 

+ 0.9998 

+ 0.9999 

+ 1.0000 

Digital 

Reading 


Linearity over ± Full Scale 
(error of reading from 
best straight line) 

-2V^V|n^+2V 


0.5 

1 

Digital 

Count 

Error 


Differential Linearity 
(difference between worse 
case step of adjacent counts 
and ideal step) 

-2V^V|n^+2V 


.01 


LSB 


Rollover error (Difference in 
reading for equal positive & 
negative voltage near full scale) 

-V|N = +V|N 2V 


0.5 

1 

Digital 

Count 

Error 
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ELECTRICAL CHARACTERISTICS (Notei) 

(V+ = +5V, V“ = -5V, Ta= 25‘’C, Clock Frequency Set for 3 Reading/Sec) (Continued) 


Symbol 

Characteristics 

Test Conditions 

Min 

Typ 

Max 

Unit 


Noise (P-P value not 

> 

0 

II 

z 

> 






exceeded 95% of time) 

Full scale = 2.000V 


15 



l|LK 

Leakage Current at Input 

> 

0 

II 

z 

> 


1 

10 

pA 


Zero Reading Drift 

V,N = 0V 
0"^Ta^70“C 


0.5 

2 

JLtV/°C 

TC 

Scale Factor Temperature 

V|n=+2V 






Coefficient (3) 

0^Ta^ 70°C 
(ext. ref. 0 ppm/°C) 


2 

5 

ppm/“C 

DIGITAL 

INPUTS 

V|NH 



2.8 

2.2 


V 

V|NL 




1.6 

0.8 


l|NL 

Clock in, Run/Hold, See Figure 4 

V,N = 0 


0.02 

0.1 

mA 

•iNH 


V|n=+5V 

_ 

0.1 

10 

julA 

OUTPUTS 

VoL 

All Outputs 

IOL= 1 - 6 mA 


0.25 

0.40 

V 

VOH 

Bi, 82 , 84 , 83 

Di, D 2 , D 3 , D 4 , D 5 

Iqh = “ 1 iTiA 

2.4 

4.2 


V 

VOH 

8 USY, STR08E, 

OVER-RANGE, UNDER-RANGE 
POLARITY 

0 

I 

II 

I 

0 

> 

4.9 

4.99 


V 

SUPPLY 

V+ 

+ 5V Supply Range 


+ 4 

+ 5 

+ 6 

V 

V- 

- 5V Supply Range 


-3 

-5 

-8 

V 

1+ 

+ 5V Supply Current 

fc=0 


1.1 

3.0 

mA 

1- 

- 5V Supply Current 

fc=0 


0.8 

3.0 


Cpo 

Power Dissipation Capacitance 

vs. Clock Freq 


40 


PF 

CLOCK 


Clock Freq. (Note 4) 


DC 

2000 

1200 

kHz 


NOTES: 1. Tested in 4 - 1/2 digit (20,000 count) circuit shown in Figure 3, clock frequency 120kHz. 

2. Tested with a low dielectric absorption integrating capacitor and R|nt = 0. See Component Selection Section. 

3. The temperature range can be extended to + 70°C and beyond as long as the auto-zero and reference capacitors are increased to absorb the higher 
leakage of the ICL7135. 

4. This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions. See “Max 
Clock Frequency” section for limitations on the clock frequency range in a system. 
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DETAILED DESCRIPTION 
Analog Section 

Figure 5 shows the Block Diagram of the Analog Section 
for the ICL7135. Each measurement cycle is divided into 
four phases. They are (1) auto-zero (A-Z), (2) signal-inte¬ 
grate (INT), (3) deintegrate (DE) and (4) zero-integrator (Zl). 

AUTO-ZERO PHASE 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short¬ 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages in the buffer amplifi¬ 
er, integrator, and comparator. Since the comparator is in¬ 
cluded in the loop, the A-Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less than 10/xV. 

SIGNAL INTEGRATE PHASE 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range; within one volt of either supply. 
If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the integrat¬ 
ed signal is latched into the polarity F/F. 


DE-INTEGRATE PHASE 

The Third phase is de-integrate, or reference Integrate. 
Input LOW is internally connected to analog COMMON and 
input high Is connected across the previously charged refer¬ 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re¬ 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 

10,000 

Wref/ 

ZERO INTEGRATOR PHASE 

The final phase is zero integrator. First, input low is short¬ 
ed to analog COMMON. Second, a feedback loop is closed 
around the system to input high to cause the integrator out¬ 
put to return to zero. Under normal condition, this phase 
lasts from 100 to 200 clock pulses, but after an overrange 
conversion, it is extended to 6200 clock pulses. 

Differential Input 

The input can accept differential voltages anywhere with¬ 
in the common mode range of the input amplifier; or specifi¬ 
cally from 0.5 volts below the positive supply to 1.0 volt 
above the negative supply. In this range the system has a 
CMRR of 86 dB typical. However, since the integrator also 
swings with the common mode voltage, care must be exer¬ 
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common¬ 
mode voltage with a near full-scale negative differential in¬ 
put voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica¬ 
tions the integrator swing can be reduced to less than the 
recommended 4V full scale swing with some loss of accura¬ 
cy. The integrator output can swing within 0.3 volts of either 
supply without loss of linearity. 
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Analog Common 

Analog COMMON is used as the input low return during 
auto-zero and de-integrate. If IN LO is different from analog 
COMMON, a common mode voltage exists in the system 
and is taken care of by the excellent CMRR of the convert¬ 
er. However, in most applications IN LO will be set at a fixed 
known voltage (power supply common for instance). In this 
application, analog COMMON should be tied to the same 
point, thus removing the common mode voltage from the 
converter. The reference voltage is referenced to analog 
COMMON. 

Reference 

The reference input must be generated as a positive volt¬ 
age with respect to COMMON, as shown in Figure 6 . 

DETAILED DESCRIPTION 
Digital Section 

Figure 7 shows the Digital Section of the 7135. The 7135 
includes several pins which allow it to operate conveniently 
in more sophisticated systems. These include: 

Run/HOLD (Pin 25). When high (or open) the A/D will free- 
run with equally spaced measurement cycles every 40,002 
clock pulses. It taken low, the converter will continue the full 
measurement cycle that it is doing and then hold this read¬ 
ing as long as R/H is held low. A short positive pulse (great¬ 
er than 300ns) will now initiate a new measurement cycle, 
beginning with between 1 and 10,001 counts of auto zero. If 
the pulse occurs before the full measurement cycle (40,002 
counts) is completed, it will not be recognized and the con¬ 
verter will simply complete the measurement it is doing. An 
external indication that a full measurement cycle has been 
completed is that the first strobe pulse (see below) will oc- 
cur 10 1 counts after the end of this cycle. Thus, if Run/ 
HOLD is low and has been low for at least 101 counts, the 
converter is holding and ready to start a new measurement 
when pulsed high. 

STROBE (Pin 26). This is a negative going output pulse that 
aids in transferring the BCD data to external latches, 
UARTs o r microprocessors. There are 5 negative going 
STROBE pulses that occur in the center of each of the digit 
drive pulses and occur once and only once for each mea¬ 
surement cycle starting 101 pulses after the end of the full 
measurement cycle. Digit 5 (MSD) goes high at the end of 
the measurement cycle and stays on for 201 counts. In the 
center of this digit pulse (to avoid race con ditions be tween 
changing BCD and digit drives) the first STROBE pulse 
goes negative for clock pulse width. Similarly, after digit 
5, digit 4 goes hig h (for 200 clock pulses) and 100 pulses 
later the STROBE goes negative for the second time. This 
continues through digit 1 (LSD) when the fifth and last 
STROBE pulse is sent. The digit drive will continue to scan 
(unless th e previous signal was overrange) but no additional 
STROBE pulses will be sent until a new measurement is 
available. 

BUSY (Pin 21). BUSY goes high at the beginning of signal 
integrate and stays high until the first clock pulse after zero¬ 
crossing (or after end of measurement In the case of an 
overrange). The internal latches are enabled (i.e., loaded) 
during the first clock pulse after busy and are latched at the 
end of this clock pulse. The circuit automatically reverts to 


auto-zero when not BUSY, so it may also be considered a 
(ZI + AZ) signal. A very simple means for transmitting the 
data down a single wire pair from a remote location would 
be to AND BUSY with clock and subtract 10,001 counts 
from the number of pulses received - as mentioned previ¬ 
ously there is one “NO-count” pulse In each reference inte¬ 
grate cycle. 



OVER-RANGE (Pin 27). This pin goes positive when the 
input signal exceeds the range ( 20 , 000 ) of the converter. 
The output F/F is set at the end of BUSY and is reset to 
zero at the beginning of Reference integrate in the next 
measurement cycle. 

UNDER-RANGE (Pin 28). This pin goes positive when the 
reading is 9% of range or less. The output F/F is set at the 
end of BUSY (if the new reading is 1800 or less) and is 
reset at the beginning of signal integrate of the next read¬ 
ing. 

POLARITY (Pin 23). This pin is positive for a positive input 
signal. It is valid even for a zero reading. In other words, 
+ 0000 means the signal is positive but less than the least 
significant bit. The converter can be used as a null detector 
by forcing equal frequency of (+) and (-) readings. The 
null at this point should be less than 0.1 LSB. This output 
becomes valid at the beginning of reference integrate and 
remains correct until it is re-validated for the next measure¬ 
ment. 

Digit Drives (Pins 12,17,18,19 and 20). Each digit drive is 
a positive going signal that lasts for 200 clock pulses. The 
scan sequence is D 5 (MSD), D 4 , D 3 , D 2 and Di (LSD). All 
five digits are scanned and this scan is continuous unless 
an over-range occurs. Then all digit drives are blanked from 
the end of the strobe sequence until the beginning of Refer¬ 
ence Integrate when D 5 will start the scan again. This can 
give a blinking display as a visual indication of over-range. 
BCD (Pins 13, 14, 15 and 16). The Binary coded Decimal 
bits Be, B 4 , B 2 and Bi are positive logic signals that go on 
simultaneously with the digit driver signal. 
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COMPONENT VALUE SELECTION 

For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt¬ 
age, and conversion rate. These values must be chosen to 
suit the particular application. 

Integrating Resistor 

The integrating resistor is determined by the full scale In¬ 
put voltage and the output current of the buffer used to 
charge the integrator capacitor. Both the buffer amplifier 
and the Integrator have a class A output stage with 100ju,A 
of quiescent current. They can supply 20juiA of drive current 
with negligible non-linearity. Values of 5 to 40jLtA give good 
results, with a nominal of 20ju,A, and the exact value of inte¬ 
grating resistor may be chosen by 

_ full scale voltage 

-ioM- 

Integrating Capacitor 

The product of integrating resistor and capacitor should 
be selected to give the maximum voltage swing which en¬ 
sures that the tolerance built-up will not saturate the integra¬ 
tor swing (approx. 0.3 volt from either supply). For ± 5 volt 
supplies and analog COMMON tied to supply ground, a 
±3.5 to ±4 volt full scale integrator swing is fine, and 
0.47jaF is nominal. In general, the value of C|nt's given by 

[ 10 , 000 xclock period] XI int 

integrator output voltage swing' 

_ (10,000) (clock period) (20jaA) 
integrator output voltage swing 

A very important characteristic of the integrating capaci¬ 
tor is that it has low dielectric absorption to prevent roll-over 
or ratiometric errors. A good test for dielectric absorption is 
to use the capacitor with the input tied to the reference. 

This ratiometric condition should read half scale 0.9999, 
and any deviation is probably due to dielectric absorption. 
Polypropylene capacitors give undetectable errors at rea¬ 
sonable cost. Polystyrene and polycarbonate capacitors 
may also be used in less critical applications. 


INTEGRATOR 

OUTPUT 



I SIGNAL I REFERENCE 
lAlliLt/ INTEGRATE I 
BCOijNTJ 20.001 
I 1 COUNTS MAX. 
-FUU MEASUREMENT CVCLE-H 
40.002 COUNTS ' 
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Figure 8: Timing Diagram for Outputs 


Auto-Zero and Reference Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system, a large capacitor giving less 
noise. The reference capacitor should be large enough 
such that stray capacitance to ground from its nodes is neg¬ 
ligible. 
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The dielectric absorption of the reference cap and auto¬ 
zero cap are only important at power-on or when the circuit 
is recovering from an overload. Thus, smaller or cheaper 
caps can be used here if accurate readings are not required 
for the first few seconds of recovery. 

Reference Voltage 

The analog input required to generate a full-scale output 
is V||m = 2 Vref- 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. For this rea¬ 
son, it is recommended that a high quality reference be 
used where high-accuracy absolute measurements are be¬ 
ing made. 

Rollover Resistor and Diode 

A small rollover error occurs in the 7135, but this can be 
easily corrected by adding a diode and resistor in series 
between the INTegrator OUTput and analog COMMON or 
ground. The value shown in the schematics is optimum for 
the recommended conditions, but if integrator swing or 
clock frequency is modified, adjustment may be needed. 
The diode can be any silicon diode, such as 1N914. These 
components can be eliminated if rollover error is not impor¬ 
tant, and may be altered In value to correct other (small) 
sources of rollover as needed. 

Max Clock Frequency 

The maximum conversion rate of most dual-slope A/D 
converters is limited by the frequency response of the com¬ 
parator. The comparator in this circuit follows the Integrator 
ramp with a 3jus delay, and at a clock frequency of 160kHz 
(6jas period) half of the first reference integrate clock period 
is lost in delay. This means that the meter reading will 
change from 0 to 1 with a SOjuV input, 1 to 2 with ISOjuV, 2 
to 3 at 250jLtV, etc. This transition at mid-point is considered 
desirable by most users; however. If the clock frequency is 
increased appreciably above 160kHz, the instrument will 
flash “1” on noise peaks even when the Input is shorted. 

For many-dedicated applications where the input signal is 
always of one polarity, the delay of the comparator need not 
be a limitation. Since the non-linearity and noise do not in¬ 
crease substantially with frequency, clock rates of up to 
~ 1 MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be con¬ 
stant and can be subtracted out digitally. 

The clock frequency may be extended above 160kHz 
without this error, however, by using a low value resistor In 
series with the integrating capacitor. The effect of the resis¬ 
tor is to introduce a small pedestal voltage on to the integra¬ 
tor output at the beginning of the reference integrate phase. 
By careful selection of the ratio between this resistor and 
the integrating resistor (a few tens of ohms in the recom¬ 
mended circuit), the comparator delay can be compensated 
and the maximum clock frequency extended by approxi¬ 
mately a factor of 3. At higher frequencies, ringing and sec¬ 
ond order breaks will cause significant nonlinearities In the 
first few counts of the instrument - see Application Note 
A017. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference caps. With most devices, 
measurement cycles as long as 10 seconds give no mea¬ 
surable leakage error. 


To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator fre¬ 
quencies of 300kHz, 200kHz, 150kHz, 120kHz, 100kHz, 
40kHz, OOVakHz, etc. should be selected. For 50Hz rejec¬ 
tion, oscillator frequencies of 250kHz, 125kHz, 

100kHz, etc. would be suitable. Note that 100kHz (2.5 read¬ 
ings/second) will reject both 50 and 60Hz. 

The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the Applications section. The multiplexed output 
means that if the display takes significant current from the 
logic supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 

The flip-flop interrogates the data once every clock pulse 
after the transients of the previous clock pulse and half¬ 
clock pulse have died down. False zero-crossings caused 
by clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by up to one count in every 
instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
is disabled for one clock pulse at the beginning of phase 3. 
This one-count delay compensates for the delay of the 
zero-crossing flip-flop, and allows the correct number to be 
latched into the display. Similarly, a one-count delay at the 
beginning of phase 1 gives an overload display of 0000 in¬ 
stead of 0001. No delay occurs during phase 2, so that true 
ratiometric readings result. 

EVALUATING THE ERROR SOURCES 

Errors from the “ideal” cycle are caused by: 

1. Capacitor droop due to leakage. 

2. Capacitor voltage change due to charge “suck-out” 
(the reverse of charge injection) when the switches 
turn off. 

3. Non-linearity of buffer and integrator. 

4. High-frequency limitations of buffer, integrator and 
comparator. 

5. Integrating capacitor non-linearity (dielectric absorp¬ 
tion.) 

6. Charge lost by Cref in charging Cstray. 

7. Charge lost by Caz and C|nt to charge Cstray. 

Each of these errors is analyzed for its error contribution 

to the converter in application notes listed on the back 
page, specifically A017 and A032. 

NOISE 

The peak-to-peak noise around zero is approximately 
15jiJiV (pk-to-pk value not exceeded 95% of the time). Near 
full scale, this value increases to approximately 30jutV. Much 
of the noise originates in the auto-zero loop, and is propor¬ 
tional to the ratio of the input signal to the reference. 

ANALOG AND DIGITAL GROUNDS 

Extreme care must be taken to avoid ground loops in the 
layout of ICL7135 circuits, especially in high-sensitivity cir¬ 
cuits. It is most important that return currents from digital 
loads are not fed into the analog ground line. 
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POWER SUPPLIES 

The 7135 is designed to work from ±5V supplies. How¬ 
ever, in selected applications no negative supply is required. 
The conditions to use a single + 5V supply are: 

1. The input signal can be referenced to the center of the 
common mode range of the converter. 

2. The signal is less than ± 1.5 volts. 

See “differential input” for a discussion of the effects this 
will have on the integrator swing without loss of linearity. 

TYPICAL APPLICATIONS 

The circuits which follow show some of the wide variety of 
possibilities, and serve to illustrate the exceptional versatili¬ 
ty of this A/D converter. 

Figure 9 shows the complete circuit for a 4-y2 digit 
(± 2.000V) full scale) A/D with LED readout using the 
ICL8069 as a 1.2V temperature compensated voltage refer¬ 
ence. It uses the band-gap principal to achieve excellent 
stability and low noise at reverse currents down to SO/iA. 
The circuit also shows a typical R-C Input filter. Depending 
on the application, the time-constant of this filter can be 
made faster, slower, or the filter deleted completely. The Va 
digit LED is driven from the 7 segment decoder, with a zero 
reading blanked by connecting a D5 signal to RBI input of 
the decoder. The 2-gate clock circuit should use CMOS 
gates to maintain good power supply rejection. 



A suitable circuit for driving a plasma-type display is 
shown in Figure 10. The high voltage anode driver buffer is 
made by Dionics. The 3 AND gates and caps driving ’Bl’ are 
needed for interdigit blanking of multiple-digit display ele¬ 
ments, and can be omitted if not needed. The 2.5kfl & 3kft 
resistors set the current levels in the display. A similar ar¬ 
rangement can be used with Nixie® tubes. 

The popular LCD displays can be interfaced to the 0/P of 
the ICL7135 with suitable display drivers, such as the 
ICM7211A as shown in Figure 11. A standard CMOS 4030 
QUAD XOR gate is used for displaying the Va digit, the po¬ 
larity, and an ‘overrange’ flag. A similar circuit can be used 
with the ICL7212A LED driver and the ICM7236A vacuum 
fluorescent driver with appropriate arrangements made for 
the ‘extra’ outputs. Of course, another full driver circuit 
could be ganged to the one shown if required. This would 
be useful if additional annunciators were needed. The Fig¬ 
ure shows the complete circuit for a 4-y2 digit (± 2,000V) 
A/D. 

Figure 12 shows a more complicated circuit for driving 
LC D displays . Here the data is latched Into the ICM7211 by 
the STROBE signal and ‘Overrange’ is indicated by blanking 
the 4 full digits. 



0342-10 

Figure 9: 4 - 1/2 Digit A/D Converter with a Muitipiexed Common Anode LED Dispiay 
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Figure 11: LCD Display with Digit Blanking 
on Overrange 
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A problem sometimes encountered with both LED & plas¬ 
ma-type display driving is that of clock source supply line 
variations. Since the supply is shared with the display, any 
variation in voltage due to the display reading may cause 
clock supply voltage modulation. When in overrange the 
display alternates between a blank display and the 0000 
overrange indication. This shift occurs during the reference 
integrate phase of conversion causing a low display reading 
just after overrange recovery. Both of the above circuits 
have considerable current flowing in the digital supply from 
drivers, etc. A clock source using an LM311 voltage com¬ 
parator with positive feedback (Figure 13) could minimize 
any clock frequency shift problem. 

The 7135 is designed to work from ±5 volt supplies. 
However, if a negative supply is not available, it can be gen¬ 
erated with an ICL7660 and two capacitors (Figure 14). 



+5V 



Figure 14: Generating a Negative Suppiy 
from + 5V 


INTERFACING WITH UARTS AND 
MICROPROCESSORS 

Figure 15 shows a very simple interface between a free- 
running ICL7135 and a UART. The five STROBE pulses 
start the transmission of the five data words. The digit 5 
word is OOOOXXXX, digit 4 is 1000XXXX, digit 3 is 
0100XXXX, etc. Also the polarity is transmitted indirectly by 
using it to drive the Even Parity Enable Pin (EPE). If EPE of 
the receiver is held low, a parity flag at the receiver can be 
decoded as a positive signal, no flag as negative. A com¬ 
plex arrangement is shown in Figure 16. Here the UART 
can instruct the A/D to begin a measurement sequence by 
a word on RRI. Th e BUSY s ignal resets the Data Ready 
Reset (DRR). Again STROBE starts the transmit sequence. 
A quad 2 input multiplexer is used to superimpose polarity, 
over-range, and under-range onto the D 5 word since in this 
instance it is known that B 2 =B 4 =B 8 = 0 . 


SERIAL OUTPUT 
TO RECEIVING UART 


UART 

IM6402/3 


1_J_ 2 

3 4 5 6 

7_ i _ 

1 1 1 1 1 1 1 1 

O 4 O 3 

O 2 Di Bi 82 

84 88 

Ds 


STR08E 


ICL7135 


POL 


RUN/HOLD 


I-5V 


Figure 15: ICL7135 to UART interface 
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Figure 18: ICL7135 to MCS-48, -80,85 Interface 


For correct operation it is important that the UART clock 
be f ast enoug h that each word is transmitted before the 
next STROBE pulse arrives. Parity is locked into the UART 
at load time but does not change in this connection during 
an output stream. 

Circuits to interface the ICL7135 directly with three popu¬ 
lar microprocessors are shown in Figures 17 and 18. The 
8080/8048 and the MC6800 groups with 8 bit buses need 
to have polarity, over-range and under-range multiplexed 
onto the Digit 5 word — as In the UART circuit. In each case 
the microprocessor can Instruct the A/D when to begin a 
measurement and when to hold this measurement. 

APPLICATION NOTES 

A016 “Selecting A/D Converters,” by David Fullagar 
A017 “The Integrating A/D Converters,” by Lee Evans 


A018 “Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 
A019 “4-y2 Digit Plan Meter Demonstrator/Instrumenta¬ 
tion Boards,” by Michael Dufort 
A023 “Low Cost Digital Panel Meter Designs,” by David 
Fullager and Michael Dufort 

A028 “Building an Auto-Ranging DMM Using the 8052A/ 
7103A A/D Converter Pair,” by Larry Goff 
A030 “The ICL7104 — A Binary Output A/D Converter for 
Microprocessors”, by Peter Bradshaw 
A032 “Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106 Family”, by Peter 
Bradshaw 

R005 “Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976 
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AD7521 .4-1 
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AD7533 .4-13 

AD7541 .4-18 

ICL7121.4-25 

ICL7134.4-32 

IM2110 .4-46 














AD7520/AD7530 

AD7521/AD7531 

10/12-Bit Multiplying 
D/A Converters 

GENERAL DESCRIPTION 

The AD7520/AD7530 and AD7521/AD7531 are mono¬ 
lithic, high accuracy, low cost 10-bit and 12-bit resolution, 
multiplying digital-to-analog converters (DAC). Intersil’s thin- 
film on CMOS processing gives up to 10-bit accuracy with 
TTL/CMOS compatible operation. Digital inputs are fully 
protected against static discharge by diodes to ground and 
positive supply. 

Typical applications include digital/analog interfacing, 
multiplication and division, programmable power supplies, 
CRT character generation, digitally controlled gain circuits, 
integrators and attenuators, etc. 

The AD7530 and AD7531 are identical to the AD7520 
and AD7521, respectively, with the exception of output leak¬ 
age current and feedthrough specifications. 

ORDERING INFORMATION 



FEATURES 

• AD7520/AD7530:10 Bit Resolution; 8, 9 and 10 Bit 
Linearity 

• AD7521/AD7531:12 Bit Resolution; 8, 9 and 10 Bit 
Linearity 

• Low Power Dissipation: 20mW (Max) 

• Low Nonlinearity Tempco: 2 ppm of FSR/X 

• Current Settling Time: 500ns to 0.05% of FSR 

• Supply Voltage Range: +5V to + 15V 

• TTL/CMOS Compatible 

• Full Input Static Protection 

• /883B Processed Versions Available 


Noniinearity 

Part Number/Package 

Piastic DiP 

CERDiP 

CERDiP 


AD7520JN 

AD7520JD 

AD7520SD 

0.2% (8-Bit) 

AD7530JN 

AD7530JD 



AD7521JN 

AD7521JD 

AD7521SD 


AD7531JN 

AD7521JD 



AD7520KN 

AD7520KD 

AD7520TD 

0.1%(9-Blt) 

AD7530KN 

AD7530KD 



AD7521KN 

AD7521KD 

AD7521TD 


AD7531KN 

AD7531KD 



AD7520LN 

AD7520LD 

AD7520UD 

0.05% (10-Bit) 

AD7530LN 

AD7530LD 



AD7521LN 

AD7521LD 

AD7521UD 


AD7531LN 

AD7531LD 


TEMPERATURE 

RANGE 

O^-Cto +70-0 

-25“Cto +85‘’C 

-55*0 to +125‘’C 



(Switches shown for Digital Inputs “High”) 
(Resistor values are nominal) 

Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS (Ta = 25'’C unless otherwise noted) 


Supply Voltage (V+).+17V 

Vref .±25V 

Digital Input Voltage Range .V+ to GND 

Output Voltage Compliance .-100mVtoV+ 

Power Dissipation (package) 

up to + 75“C . 450mW 

derate above + 75‘’C @ .6mW/“C 


Operating Temperature 

JN, KN, LN Versions ...O^C to + 70"C 

JD, KD, LD Versions .-25*0 to 85“C 

SD, TD, UD Versions.-55"C to +125*0 

Storage Temperature .-65*C to 150*C 

Lead Temperature (Soldering, lOsec) . 300*C 


CAUTION: 

1) The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep 
unused units in conductive foam at all times. 

2) Do not apply voltages higher than Vdd or less than GND potential on any terminal except Vref and Rfeedback- 

NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: Pin Configurations 
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ELECTRICAL CHARACTERISTICS (VH^ = + 15V, Vref= + 10V, Ta= 25*C unless otherwise specified) 


Parameter 

Test Conditions 

AD7520 

(AD7530) 

AD7521 

(AD7531) 

Unit 

Limit 

DC ACCURACY (Note 1) 

Resolution 



10 

12 

Bits 


Nonlinearity 
(Note 2) 

VERSION 

J 

S 

K 

T 

L 

U 

S, T, U: over -55*C to + 125"C 

— IOV^Vref^ + 10V 

Fig. 3 

0.2 (8-Bit) 

% of FSR 

Max 

Fig. 3 

0.1 (9-Bit) 

% of FSR 

Max 

Fig. 3 

0.05 (10-Bit) 

% of FSR 

Max 

Nonlinearity Tempco 
(Notes 2 and 3) 

-10V^Vref^ + 10V 


2 

ppm of FSR/*C 

Max 

Gain Error (Note 2) 

0.3 

% of FSR 

Typ 

Gain Error Tempco 
(Notes 2 and 3) 

10 

ppm of FSR/®C 

Max 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


4-2 























Output Leakage Current 
(either output) 


Power Supply Rejection (Note 2) 


AC ACCURACY (Note 3) 


Output Current Settling Time 


Feedthrough Error 


To 0.05% of FSR (All digital 
inputs low to high and high to 
low) 

Vref = 20V pp, 100kHz 
(50kHz) All digital inputs low 


REFERENCE INPUT 






Input Resistance 

Ail digital inputs high 


5k 

10 k 


Min 

Typ 


Iquti at ground. 


20 k 


Max 


ANALOG OUTPUT 


Voltage Compliance (both outputs) (Note 3) 

Output Capacitance Iquti All digital inputs high 


(Note 3) 


*OUT2 _ 

buTi All digital inputs low 


See absolute max. ratings 

120 

37 


Output Noise (both outputs) 
(Note 3) 


DIGITAL INPUTS 


Low State Threshold 
High State Threshold 
Input Current (low to high state) 
Input Coding 


POWER REQUIREMENTS 


Over the specified temp range 


See Tables 1 &2 



Equivalent to lOkn 
Johnson noise 


_08_ 

_ 24 _ 

_ 1 _ 

Binary/Offset Binary 


iiiiiiiiBnLn 


All digital inputs high or low 

Total Power Dissipation 
(Including the ladder network) 


NOTES: 1. Full scale range (FSR) is 10V for unipolar and ±10V for bipolar modes. 

2 . Using internal feedback resistor, Rfeedback- 

3. Guaranteed by design, not subject to test. 

4. Accuracy not guaranteed unless outputs at GND potential. 
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TEST CIRCUITS NOTE: The following test circuits 
apply for the AD7520. Similar circuits are used for the 
AD7530, AD7521 and AD7531. 



0330-4 

Figure 3: Nonlinearity 



♦11V (ADJUST FOR VouT = OV) 



Figure 5: Noise 
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Figure 7: Feedthrough Error 
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DEFINITION OF TERMS 

NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a multi¬ 
plying DAC, this should hold true over the entire Vref 
range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of ( 2 “^) (Vref)- A 
bipolar converter of n bits has a resolution of [2“(n-i)] 
[VrefI- Resolution in no way Implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within Ve LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC’s operational amplifier output volt¬ 
age to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive cou¬ 
pling from Vref to output with all switches OFF. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7520/AD7530 

AD7521/AD7531 

OUTPUT CAPACITANCE: Capacitance from Iquti and 
louT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
Iquti terminal with all digital inputs LOW or on Iout2 termi¬ 
nal when all inputs are HIGH. 

DETAILED DESCRIPTION 

The AD7520 (AD7530) and AD7521 (AD7531) are mono¬ 
lithic, multiplying D/A converters. A highly stable thin film R- 
2R resistor ladder network and NMOS SPOT switches form 
the basis of the converter circuit, CMOS level shifters permit 
low power TTL/CMOS compatible operation. An external 
voltage or current reference and an operational amplifier 
are all that is required for most voltage output applications. 

A simplified equivalent circuit of the DAC is shown in Fig¬ 
ure 9. The NMOS SPOT switches steer the ladder leg cur¬ 
rents between Iquti and Iqut2 buses which must be held 
either at ground potential. This configuration maintains a 
constant current in each ladder leg independent of the input 
code. 



(Switches shown for Digital Inputs “High”) 

Figure 9:7520/7521 Functional Diagram 


Converter errors are further reduced by using separate 
metal interconnections between the major bits and the out¬ 
puts. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 

The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 10). This configuration results in TTL/ 
CMOS compatible operation over the full military tempera¬ 
ture range. With the ladder SPOT switches driven by the 
level shifter, each switch is binarily weighted for an ON re¬ 
sistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis¬ 
tors and highly accurate leg currents. 


^DBmi^DiL 




+15V 

1 



Vncr 

■■11 





Rfeedback 








■Ri 



H 


VOUT 



iiiuFBSl 



jOND 



0330-12 

Figure 11: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


TABLE 1 

CODE TABLE — UNIPOLAR BINARY OPERATION 



Analog Output 

1111111111 

-Vref ( 1 - 2 -n) 

1000000001 

-VREF(y2 + 2-n) 

1000000000 

-Vref/2 

0111111111 

-VREF(y2-2-n) 

0000000001 

-Vref (2“*^) 

0000000000 

0 


N0TE;1. LSB = 2-nVREF 

2. n = 10 for 7520, 7530 
n = 12for 7521, 7531 


APPLICATIONS 
Unipolar Binary Operation 

The circuit configuration for operating the AD7520 
(AD7530) and AD7521 (AD7531) in unipolar mode is shown 
in Figure 11. With positive and negative Vref values the 
circuit is capable of 2-Quadrant multiplication. The “Digital 
Input Code/Analog Output Value” table for unipolar mode is 
given In Table 1. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7520/AD7530 AD7521/AD7531 










AD7520/AD7530 AD7521/AD7531 


^DmH^DIL 


AD7520/AD7530 

AD7521/AD7531 

ZERO OFFSET ADJUSTMENT 

1. Connect all digital inputs to GND. 

2. Adjust the offset zero adjust trimpot of the output 
operational amplifier for OV ± 1 mV at VouT- 

GAIN ADJUSTMENT 

1. Connect all AD7520 (AD7530) or AD7521 (AD7531) 
digital inputs to V+. 

2. Monitor VouT for a - Vref (1 -2 ” reading, (n = 10 
for AD7520 (AD7530) and n=12 for AD7521 
(AD7531)). 

3. To decrease VouT. connect a series resistor (0 to 
soon) between the reference voltage and the Vref 
terminal. 

4. To increase Vqut. connect a series resistor (0 to 
soon) in the Iquti amplifier feedback loop. 

Bipolar (Offset Binary) Operation 

The circuit configuration for operating the AD7S20 
(AD7S30) or AD7S21 (AD7S31) in the bipolar mode is given 
in Figure 12. Using offset binary digital input codes and pos¬ 
itive and negative reference voltage values, 4-Quadrant 
multiplication can be realized. The “Digital Input Code/Ana¬ 
log Output Value” table for bipolar mode is given in Table 2. 



TABLE 2 

CODE TABLE — BIPOLAR (OFFSET BINARY) 
OPERATION 


DIGITAL INPUT 

ANALOG OUTPUT 

1111111111 


1000000001 

-Vref(2 -('’-1)) 

1000000000 

0 

0111111111 

VREFia-c^-D) 

0000000001 

Vref (“• -2-(n-i)) 

0000000000 

Vref 


NOTE: 1. LSB = 2 -(n-l) Vref 

2, n = 10 for 7520 and 7521 
= 12 for 7530 and 7531 


A “Logic 1” input at any digital input forces the corre¬ 
sponding ladder switch to steer the bit current to Iquti bus. 
A “Logic 0” input forces the bit current to Iout 2 bus. For 
any code the Iquti and Iqut2 bus currents are comple¬ 
ments of one another. The current amplifier at Iqut2 chang¬ 
es the polarity of Iqut2 current and the transconductance 
amplifier at Iquti output sums the two currents. This config¬ 
uration doubles the output range but halves the resolution 
of the DAC. The difference current resulting at zero offset 
binary code, (MSB = “Logic 1”, All other bits = “Logic 0”), is 
corrected by using an external resistor, (10 Megohm), from 
Vref to Iqut2- 
OFFSET ADJUSTMENT 

1 . Adjust Vref to approximately + 10V. 

2. Connect all digital inputs to “Logic 1 ”. 

3. Adjust Iqut 2 amplifier offset adjust trimpot for OV 
± 1 mV at Iqut 2 amplifier output. 

4. Connect MSB (Bit 1) to “Logic 1” and all other bits 
to “Logic 0”. 

5. Adjust Iquti amplifier offset adjust trimpot for OV 
± 1 mV at Vqut- 

GAIN ADJUSTMENT 

1. Connect all digital inputs to V+. 

2. Monitor Vqut for a -Vref (1-2-(n-i)) volts read¬ 
ing. (n = 10 for AD7520 and AD7530, and n = 12 for 
AD7521 and AD7531). 

3. To increase Vqut. connect a series resistor of up to 
soon between Vqut and Rfeedback- 

4. To decrease Vqut. connect a series resistor of up 
to soon between the reference voltage and the 
Vref terminal. 

POWER DAC DESIGN USING AD7520 

A typical power DAC designed for 8 bit accuracy and 10 
bit resolution is shown in Figure 13. An INTERSIL ICH8S10 
power operational amplifier (1 Amp continuous output at up 
to ± 2SV) is driven by the AD7S20. 

A summing amplifier between the AD7S20 and the 
ICH8S10 is used to separate the gain block containing the 
AD7S20 on-chip resistors from the power amplifier gain 
stage whose gain is set only by the external resistors. This 
approach minimizes drift since the resistor pairs will track 
properly. Otherwise the AD7520 can be directly connected 
to the ICH8510, by using a 25V reference for the DAC. 

An important note on the AD7520/101A interface con¬ 
cerns the connection of pin 1 of the DAC and pin 2 of the 
101 A. Since this point is the summing junction of an amplifi¬ 
er with an AC gain of 50,000 or better, stray capacitance 
should be minimized; otherwise instabilities and poor noise 
performance will result. Note that the output of the 101A is 
fed into an inverting amplifier with a gain of -3, which can 
be easily changed to a non-inverting configuration. (For 
more information see: INTERSIL Application Bulletin A021: 
Power D/A Converters Using The IH8510 by Dick 
Wilenken.) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7520/AD7530 

AD7521/AD7531 


^DI^innii^DiL 



0330-14 


Analog/Digital Division 

With the AD7520 connected in its normal multiplying con¬ 
figuration as shown in Figure 13, the transfer function is: 

Vo--V|N (^iT+i2+i3 + ' 

where the coefficients Ax assume a value of 1 for an ON bit 
and 0 for an OFF bit. 

By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 14, the transfer function be¬ 
comes: 

Val "^22"^23 ■ ^n/ 

This is division of an analog variable (V|n) by a digital 
word. With all bits off, the amplifier saturates to its bound, 
since division by zero isn’t defined. With the LSB (Bit-10) 
ON, the gain is 1023. With all bits ON, the gain is 1 (±1 
LSB). 



+18V 




1 1 



BIT-1 (MSB) 

15 14 

ViN 






DIGITAL 1 

AO7S20 1 




INPUT ; 

u 

> 

— VOUT 

'biT-10 (LSB) 

13 3 2 



1 


0330-15 

Figure 14: Analog/Digital Divider 


For further information on the use of this device, see the 
following Application Bulletins: 



A016 “Selecting A/D Converters,” by David Fullagar 
A018 “Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 
A020 “A Cookbook Approach to High-Speed Data Acqui¬ 
sition and Microprocessor Interfacing” by Ed Sllger 
A021 “Power D/A Converters Using the IH8510,” by Dick 
Wilenken 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7523 


AD7523 

8-Bit Multiplying 
D/A Converter 

GENERAL DESCRIPTION 

The AD7523 is a monolithic, low cost, high performance, 
10 bit accurate, multiplying digitai-to-anaiog converter 
(DAC), in a 16-pin DIP. 

Intersil’s thin-film resistors on CMOS circuitry provide 8- 
bit resolution (8, 9 and 10-bit accuracy), with TTL/CMOS 
compatible operation. 

The AD7523’s accurate four quadrant multiplication, full 
military temperature range operation, full input protection 
from damage due to static discharge by clamps to V+ and 
GND, and very low power dissipation make it a very versa¬ 
tile converter. 

Low noise audio gain controls, motor speed controls, digi¬ 
tally controlled gain and attenuators are a few of the wide 
range of applications of the 7523. 

ORDERING INFORMATION 



FEATURES 

• 8, 9 and 10 Bit Linearity 

• Low Gain and Linearity Temperature Coefficients 

• Fuii Temperature Range Operation 

• Static Discharge input Protection 

• DTL/TTL/CMOS Compatibie 

• +5 to +15 Voits Suppiy Range 

• Fast Settiing Time: 150ns Max at 25X 

• Four Quadrant Muitipiication 


Noniinearity 


TEMPERATURE RANGE 


Part Number/Package 



0“Cto +70‘’C 


-25“Cto +85‘’C 


-55“Cto +125"C 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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AD7523 

ABSOLUTE MAXIMUM RATINGS (Ta= 25‘‘C unless otherwise noted) 

^Uu^inngi^uiL 

Supply Voltage (V+). 

.+17V 

Ceramic Package — 


Vref . 

.±25V 

upto75‘‘C . 

. 450mW 

Digital Input Voltage Range . 

.V+ to GND 

derate above 75'’C by. 

.emwrc 

Output Voltage Compliance . 

.-100mVtoV+ 

Operating Temperatures 


Power Dissipation: 


JN, KN, LN Versions . 

.0"Cto +70"C 

Plastic Package — 


AD, BD, CD Versions. 

... -25“Cto +85“C 

up to + 70*C . 

. 670mW 

SD, TD, UD Versions. 

.. -55“Cto +125“C 

derate above + 7(fC by . 

.8.3mW/“C 

Storage Temperature . 

.. -65"Cto +150“C 



Lead Temperature (Soldering, lOsec) 

.+300*C 


1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

2. Do not apply voltages higher than VDD and lower than GND to any terminal except Vref+ Rfeedback- 

NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (V+ = +15V, Vref= -I- 10V unless otherwise specified) 


Parameter 

Test Conditions 





DC ACCURACY (Note 1) 

Resolution 


8 

8 

Bits 

Min 

Nonlinearity (Note 2) 

(tVzLSB) 

-10V^Vref^ + 10V 

VoUT1=VouT2 = 0V 

+ 0.2 

±0.2 

% of FSR 

IQQJ 

(±y4LSB) 

±0.1 

±0.1 

% of FSR 

BH 

(tVsLSB) 

±0.05 

±0.05 

% of FSR 

Max 

Monotonicity 


Guaranteed 


Gain Error (Note 2) 

Digital Inputs high. 

±1.5 

±1.8 

% of FSR 

Max 

Nonlinearity Tempco (Notes 2 and 3) 

-10V Vref + 10V 

2 

ppm of FSR/“C 

Max 

Gain Error Tempco (Notes 2 and 3) 

10 

ppm of FSR/°C 

Max 

Output Leakage Current (either output) 

VoUT1=VoUT2 = 0 

±50 

±200 

nA 

Max 

AC ACCURACY 

Power Supply Rejection (Note 2) 

V+ = 14.0 to 15.0V 

0.02 

0.03 

% of FSR 

Max 

Output Current Settling Time (Note 3) 

To 0.2% of FSR, Rl= lOOn 

150 

200 

ns 

Max 

Feedthrough Error (Note 3) 

Vref = 20V PP. 200kHz sine wave. 
All digital inputs low. 

1+ 

±1 

LSB 

Max 

REFERENCE INPUT 

Input Resistance (Pin 15) 

All digital inputs high. Iquti at ground. 

5K 

a 

Min 

20K 

Max 

Temperature Coefficient (Note 3) 

-500 

ppm/^C 

Max 

ANALOG OUTPUT 

Output Capacitance 

(Note 3) 

COUTI 

All digital inputs high (VINH) 

100 

PF 

Max 

C0UT2 

30 

PF 

Max 

CoUT1 

All digital inputs low (VINL) 

30 

pF 

Max 

C0UT2 

100 

pF 

Max 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7523 


AD7523 MDtinniiP 

ELECTRICAL CHARACTERISTICS (v+ = + 15V, Vref= + 10V unless otherwise specified) (Continued) 



DIGITAL INPUTS 


Low State Threshold (V|nl) 


High State Threshold (V|nh) 
Input Current (Low or high) 
Input Coding 


input Capacitance (Note 3) 


POWER REQUIREMENTS 


Power Supply Voltage Range 


VlN = 0V or + 15V 
See Tables 1 & 2 


Accuracy is tested and guaranteed 
at V+ = +15V, only. 


All digital inputs low or high. 


0.8 


_ 2.4 

_ ±1 _ 

Binary/Offset Binary 



fxA Max 


pF Max 


mA Max 


NOTES: 1. Full scale range (FSR) Is 10V for unipolar and ±10V for bipolar modes. 

2. Using internal feedback resistor, Rfeeoback- 

3. Guaranteed by design; not subject to test. 

4. Accuracy not guaranteed unless outputs at ground potential. 

APPLICATIONS 

UNIPOLAR OPERATION 


Table 1. Unipolar Binary Code Table 
I Analog Output 


F 

a 

tiov +15V 

1 I 

NOTES: 

1. R1 AND R2 U8EO ONLY IP OAIN 
ADJUSTMENT IS REQUIRED. 

2. CR1 PROTECTS A07S23 AGAINST 
NEGATIVE TRANSIENTS. 


15 14 

Rfb 

R2 1k 

DATA 'MSB 
INPUTS 1 , 

ii®5. 

AD7523 1 

11 2 
3 

OUT1 

OUT2 j 

5^CR1 

VOUT 


QNDj 

1 . 


I 

0331-3 

Figure 3: Unipolar Binary Operation 








/VOTE- AH typical values have been characterized but are not tested. 
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AD7523 


BIPOLAR OPERATION 


:10V -15V 



NOTES: 

1. R3/R4 MATCH 0.1% OR BETTER. 

2. R1, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 

3. R5-R7 USED TO ADJUST VouT=0V AT INPUT CODE 
10000000. 

4. CR1 & CR2 PROTECT AD7523 AGAINST NEGATIVE TRAN¬ 
SIENTS. 

Figure 4: Bipolar Operation 


Table 2. Bipolar (Offset Binary) Code Table 


Digital Input 
MSB LSB 


Analog Output 




/127\ 

11111111 

-VreF 

1 

C\i 

10000001 

-Vref 

(s) 

10000000 

0 


01111111 

+ Vref 

[^) 

00000001 

+ Vref 

(S) 

00000000 

+ Vref 

(S) 

NOTE; 1 LSB = (2-7) (Vref)= ( 



A typical power DAC designed for 10 bit accuracy and 8 
bit resolution is shown in Figure 5. The Intersil ICH8510 
power operational amplifier (1 Amp continuous output with 
up to + 25V) is driven by the AD7523. 

A summing amplifier between the AD7523 and the 
ICH8510 is used to separate the gain block containing the 
AD7520 on-chip resistors from the power amplifier gain 
stage, whose gain is set only by the external resistors. This 
approach minimizes drift since the resistor pairs will track 
properly. Otherwise AD7523 can be directly connected to 
the ICH8510, by using a 25 volt reference for the DAC. 


POWER DAC DESIGN USING AD7523 



0331-5 

Figure 5: Basic Power DAC Design 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7523 


AD7523 


^DIFsOuli^DIL 






0331-7 

Figure 7: Modified Scaie Factor and Offset 


DEFINITION OF TERMS 

NONLiNEARITY: Error contributed by deviation of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a multi¬ 
plying DAC, this should hold true over the entire Vref 
range. 

RESOLUTiON: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2~n) (Vref)* A 
bipolar converter of n bits has a resolution of [2“(n-i)] 
[VrefI* Resolution in no way implies linearity. 

SETTLiNG TiME: Time required for the output function of 
the DAC to settle to within Yz LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC’s operational amplifier output volt¬ 
age to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive cou¬ 
pling from Vref to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from Iquti ^^d louT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
Iquti terminal with all digital inputs LOW or on Iout2 termi¬ 
nal when all inputs are HIGH. 


For further information on the use of this device, see the 
following Application Notes: 

A016 “Selecting A/D Converters,” by David Fullagar 
A018 “Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 
A020 “A Cookbook Approach to High-Speed Data Acqui¬ 
sition and Microprocessor Interfacing” by Ed Sliger 
A021 “Power D/A Converters Using the IH8510,” by Dick 
Wilenken 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7533 

10-Bit Multiplying 
D/A Converter 



GENERAL DESCRIPTION 

The Intersil AD7533 is a low cost, monolithic 10-bit, four- 
quadrant multiplying digital-to-analog converter (DAC). In¬ 
tersil’s thin-film resistor on CMOS circuitry provide 10, 9 and 
8 bit accuracy, full temperature range operation, +5V to 
+15V supply voltage range, full input protection from dam¬ 
age due to static discharge by clamps to V+ and ground 
and very low power dissipation. 

Pin and function equivalent to the industry standard 
AD7520, the AD7533 is recommended as a lower cost al¬ 
ternative for old or new 10-bit DAC designs. 

Applications for the AD7533 include programmable gain 
amplifiers, digitally controlled attenuators, function genera¬ 
tors and control systems. 


ORDERING INFORMATION 


Noniinearity 

Temperature Range 

OX to 
+ 70X 

-25X to 
+ 85X 

-55X to 
+ 125X 

±0.2% 

(8-bit) 

AD7533JN 

AD7533AD 

AD7533SD 

±0.1% 

(9-bit) 

AD7533KN 

AD7533BD 

AD7533TD 

±0.05% 

(10-bit) 

AD7533LN 

AD7533CD 

AD7533UD 


FEATURES 

• Lowest Cost 10-Bit DAC 

• 8, 9 and 10 Bit Linearity 

• Low Gain and Linearity Tempcos 

• Full Temperature Range Operation 

• Full Input Static Protection 

• TTL/CMOS Direct Interface 

• +5 to +15 Volts Supply Range 

• Low Power Dissipation 

• Fast Settling Time 

• Four Quadrant Multiplication 

• Direct AD7520 Equivalent 

• 883B Processed Versions Available 

PACKAGE IDENTIFICATION 

AD7S33 T D 


I-Package 

D —18-Pin CERDIPDIP 
N —18-Pin Piastic DIP 

-Nonlinearity and Temperature Range 

J,K,L —Commercial 
0“Cto +70“C 
A,B — Industrial 

-25“Cto +85“C 
S,T — Military 

-55“Cto +125‘’C 



Basic Part Number 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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AD7533 

ABSOLUTE MAXIMUM RATINGS (Ta= 25*'C unless otherwise noted) 

^Dl^lfinii^DlL 

v+ . 

.+17V 

Plastic Package: 


Vref . 

.±25V 

up to 70®C . 

. 670mW 

Digital Input Voltage Range . 

.V+ to GND 

derates above 70‘’C by . 

.8.3mW/“C 

Output Voltage Compliance . 

.-0.1V to V+ 

Operating Temperature Range: 


Power Dissipation 


JN, KN, LN Versions . 

.0“Cto +70“C 

Ceramic Package: 


AD, BD, CD Versions. 

.-25°Cto85"C 

up to + TS^C . 

. 450mW 

SD, TD, UD Versions. 

.. -55"Cto +125"C 

derates above + TS^C by. 

.6mW/“C 

Storage Temperature Range. 

.... -65“Cto150'’C 



Lead Temperature (Soldering, lOsec) 

.+300“C 


CAUTION: 

1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

2. Do not apply voltages lower than ground or higher than V+ to any pin except Vref and Rfb- 

NOTE: Stresses above those fisted under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

(V+ = + 15V, Vref= + 10V, VouTi = VouT2==0 unless otherwise specified.) 


Parameter 

Test Conditions 

Ta 

+ 25“C 

Ta 

Min-Max 


iimiii 

DC ACCURACY (Note 1) 

Resolution 


10 

10 

Min 

Bits 

Nonlinearity (Note 2) 

— IOV^Vref^ + 10V 

VoUT 1 =VouT 2 = 0V 

±0.2 

±0.2 



±0.1 

±0.1 



±0.05 

±0.05 

Max 


Gain Error (Note 2 and 5) 

Digital Inputs=VjNH 

±1.4 

±1.5 

Max 

10^9311 

Output Leakage Current (either output) 

Vref= ±10V 

±50 

±200 

Max 

nA 

AC ACCURACY 

Power Supply Rejection (Note 2) 

V+ = 14.0 to 17.0V 

0.005 



09339 

Output Current Settling Time (Note 3) 

To 0.05% of FSR, Rl= 100n 

600 

800 

m 

HE9H 

Feedthrough Error (Note 3) 

Vref= ± 10V, 100kHz sine wave. 
Digital inputs low. 

±0.05 


B 


REFERENCE INPUT 

Input Resistance (Pin 15) 

All digital Inputs high. 

5k 


w 

20k 


Temperature Coefficient 


-300 


9939SBSIII91 

ANALOG OUTPUT 

Voltage Compliance (Note 3) 

Both outputs. 

See maximum ratings 

-lOOmV toV+ 



Output Capacitance (Note 3) 

C0UT1 

All digital inputs high (V|nh) 

100 

Max 

PF 

CoUT2 

35 

Max 

PF 

CoUT1 

All digital inputs low (Vjnl) 

35 

Max 

pF 

CoUT2 

100 

Max 

pF 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

(V+ = + 15V, Vref= + 10V, V 0 UT 1 = VouT 2 = 0 unless otherwise specified.) (Continued) 


Parameter 

Test Conditions 

Ta 

+ 25"C 

Ta 

Min-Max 

Limit 

Unit 

DIGITAL INPUTS 

Low State Threshold (VINL) 


0.8 



High State Threshold (VINH) 

2.4 



Input Current (Iin) 

V|N = 0V andV+ 

±1 


juA 

Input Coding 

See Tables 1 & 2 

Binary/Offset Binary 



Input Capacitance (Note 3) 


5 


PF 

POWER REQUIREMENTS 

Vdd 

Rated Accuracy 

+ 15 ±10% 



Power Supply Voltage Range 


+ 5to +16 


V 

1 + 


2 / 2.5 


mA 

Digital Inputs=OV or V+ 

100 

150 

Max 

jaA 


NOTES: 1. Full scale range (FSR) is 10V for unipolar and ± 10V for bipolar modes. 

2. Using internal feedback resistor, Rfeedback- 

3. Guaranteed by design; not subject to test. 

4. Accuracy not guaranteed uniess outputs at ground potential. 

5. Full scale (FS)= -(Vref) • (1023/1024) 

DETAILED DESCRIPTION 

The Intersil AD7533 is a 10 bit, monolithic, multiplying 
D/A converter. A highly stable thin film R-2R resistor ladder 
network and NMOS SPOT switches form the basis of the 
converter circuit. CMOS level shifters permit low power 
TTL/CMOS compatible operation. An external voltage or 
current reference and an operational amplifier are all that is 
required for most voltage output applications. 



A simplified equivalent circuit of the DAC Is shown In Fig¬ 
ure 3. The NMOS SPOT switches steer the ladder leg cur¬ 
rents between IOUT1 and IOUT2 busses which must be 
held at ground potential. This configuration maintains a con¬ 
stant current in each ladder leg independent of the Input 
code. 


Specifications subject to 
change without notice. 



The level shifter circuits are comprised of three Inverters 
with a positive feedback from the output of the second to 
the first, (Figure 4). This configuration results in TTL/CMOS 
compatible operation over the full military temperature 
range. With the ladder SPOT switches driven by the level 
shifter, each switch is binarily weighted for an “ON” resist¬ 
ance proportional to the respective ladder leg current. This 
assures a constant voltage drop across each switch, creat¬ 
ing equipotential terminations for the 2R ladder resistors re¬ 
sulting in accurate leg currents. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7533 


APPLICATIONS 

UNIPOLAR OPERATION 
(2-QUADRANT MULTIPLICATION) 



BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 



0332-5 


NOTES: 1. R1 and R2 used only if gain adjustment is required. 

2. Schottky diode CR1 (HP5082-2811 or equiv) protects 
OUT1 terminal against negative transients. 

Figure 5: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


Table 1. Unipolar Binary Code 


Digitai input 
MSB LSB 

Nominai Anaiog Output 

(VouT as shown in Figure 3) 

1111111111 

-Vref 

<1023\ 

0024/ 


1000000001 

“Vref 

f—) 

VI024/ 


1000000000 

-Vref 

f 512 > 
k1024 ; 

_ Vref 

2 

0111111111 

-Vref 

V1024/ 


0000000001 

-Vref 

V1024/ 


0000000000 

-Vref 

V1024/ 

=0 


NOTES: 1. Nominal Full Scale for the circuit of Figure 3 is given by 

/1023\ 

2. Nominal LSB magnitude for the circuit of Figure 3 is given by 


0332-6 


NOTES: 1. R3/R4 match 0.05% or better. 

2. R1 and R2 used only if gain adjustment is required. 

3. Schottky diodes CR1 and CR2 (HP5082-2811 or equiv) 
protect OUT1 and OUT2 terminals against negative tran¬ 
sients. 

Figure 6: Bipolar Operation 
(4-Quadrant Multiplication) 


Table 2. Bipolar (Offset Binary) 
Code Table 


Digital Input 

MSB LSB 

Nominal Analog Output 

(VouT as shown in Figure 4) 

1111111111 

(^) 

1000000001 

(^) 

1000000000 

0 

0111111111 

(iJi) 

0000000001 

(^) 

0000000000 

(IJf) 


NOTES: 1. Nominal Full Scale for the circuit of Figure 4 is given by 

Fsn=v«EF (^) 

2. Nominal LSB magnitude for the circuit of Figure 4 is given by 
LSB-V„,p (^) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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POWER DAC DESIGN USING AD7533 



0332-7 

Figure 7: Basic Power DAC 


A typical power DAC designed for 8 bit accuracy and 10 
bit resolution is shown in Figure 7. INTERSIL IH8510 power 
amplifier (1 Amp continuous output with up to ±25V) is driv¬ 
en by the AD7533. 

A summing amplifier between the AD7533 and the 
IH8510 is used to separate the gain block containing the 
AD7533 on-chip resistors from the power amplifier gain 
stage whose gain is set only by the external resistors. This 
approach minimizes drift since the resistor pairs will track 
properly. Otherwise the AD7533 can be directly connected 
to the IH8510, by using a 25 volts reference for the DAC. 
Notice that the output of the LM101A is fed into an Inverting 
amplifier with a gain of -3, which can be easily changed to 
a non-inverting configuration. (For more information write 
for: INTERSIL Application Bulletin A021-Power D/A Con¬ 
verters Using The IH8510 by Dick Wilenken.) 


CAUWMTE 



Figure 9: Programmable Function Generator 



+10V 
BIPOLAR 
ANALOG INPUT 



0332-8 

Figure 8:10-Bit and Sign Multiplying DAC 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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AD7541 

12-Bit Multiplying 
D/A Converter 



GENERAL DESCRIPTION 

The Intersil AD7541 is a monolithic, low cost, high per¬ 
formance, 12-bit accurate, multiplying digital-to-analog con¬ 
verter (DAC). 

Intersil’s wafer level laser-trimmed thin-fiim resistors on 
CMOS circuitry provide true 12-bit linearity with TTL/CMOS 
compatible operation. 

Special tabbed-resistor geometries (improving time stabil¬ 
ity), full input protection from damage due to static dis¬ 
charge by diode clamps to V+ and ground, large Iquti and 
louT2 bus lines (improving superposition errors) are some 
of the features offered by Intersil AD7541. 

Pin compatible with AD7521, this new DAC provides ac¬ 
curate four quadrant multiplication over the full military tem¬ 
perature range. 

ORDERING INFORMATION 


FEATURES 

• 12 Bit Linearity (0.01%) 

• Pretrimmed Gain 

• Low Gain and Linearity Tempcos 

• Fuii Temperature Range Operation 

• Fuii Input Static Protection 

• DTL/TTL/CMOS Compatible 

• +5 to +15 Volts Supply Range 

• Low Power Dissipation (20mW) 

• Current Settling Time: Ijas to 0.01% of FSR 

• Four Quadrant Multiplication 

• 883B Processed Versions Available 


Noniinearity 

Part Number/Temperature Range 

OX to 
+ 70X 

-25X to 
+ 85X 

-55X to 
+ 125X 

0 .02% 

(11-bit) 

AD7541JN 

AD7541AD 

AD7541SD 

0 .01% 

(12-bit) 

AD7541KN 

AD7541BD 

AD7541TD 

0 .01% 

(12-bit) 

Guaranteed 

Monotonic 

AD7541LN 

- 

- 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 300150-003 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS (Ta = 25"C unless otherwise noted) 

V+ .+17V 

Vref . ±25V 


Digital Input Voltage Range .GND to V+ 

Output Voltage Compliance .-100mVtoV+ 

Power Dissipation (package); 

up to + 75®C . 450mW 

derate above + 75“C by.emW/^C 


CAUTION 


Operating Temperature Range: 

JN, KN, LN Versions .0‘’C to +70‘’C 

AD, BD Versions .-25“Cto +85®C 

SD, TD Versions .- 55“C to +125*0 

Storage Temperature .-65*C to +150*C 

Lead Temperature (Soldering, 10sec) . 300*C 


1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 


2. Do not apply voltages higher than Vqd or less than GND potential on any terminal except Vrep and Rfb. 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (V+ = + 15V, Vref= + 10V, Ta= 25*C unless otherwise specified) 


Parameter 

_ 

Test Conditions 

TA 

+ 25*C 

TA 

Min-Max 

Limit 

Fig. 

Unit 

DC ACCURACY (Note 1) 

Resolution 


12 

12 

Min 


Bits 

Nonlinearity (Note 2) 

S 

J 

-10V^Vref^ + 10V 

VoUT 1 =VoUT 2 = OV 

±0.024 

±0.024 

Max 

3 

% of FSR 

T 

K 

±0.012 

±0.012 

Max 

% of FSR 


L 

±0.012 

Guaranteec 

±0.012 

Monotonic 

Max 

% of FSR 

Gain Error (Note 2) 

-10V^Vref^ + 10V 

±0.3 

±0.4 

Max 


% of FSR 

Output Leakage Current (either output) 

VoUT1=VouT2 = 0 

±50 

±200 

Max 


nA 

AC ACCURACY (Note 3) 

Power Supply Rejection (Note 2) 

V+ = 14.5 to 15.5V 

±0.005 

±0.01 

Max 

4 

% of FSR/% 

Output Current Settling Time 

To 0.01% of FSR 

1 

Max 

8 

/XS 

Feedthrough Error 

Vref = 20V PP. 10kHz. 

All digital inputs low. 

1 

Max 

7 

mV PP 

REFERENCE INPUT 

Input Resistance 

All digital inputs high. 

louTi at ground. 

5K 

Min 


n 

10K 

Typ 

20K 

Max 

ANALOG OUTPUT 

Voltage Compliance (Note 4) 

Both outputs. 

See maximum ratings. 

-lOOmV toV+ 




Output Capacitance (Note 3) 

o o 
o o 
c c 

All digital inputs high (V|nh) 

200 

60 

Max 

Max 

6 

PF 

PF 

COUTI 

C0UT2 

All digital inputs low (V|nl) 

60 

200 

Max 

Max 

6 

pF 

pF 

Output Noise (both outputs) 


Equivalent to lOKH 
Johnson noise 

Typ 

5 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (V+ = + 15V, Vref= + 10 V, Ta= 25“C unless otherwise specified) 
(Continued) 


Parameter 

Test Conditions 

TA 

+ 25“C 

TA 

Min-Max 

Limit 

Fig. 

Unit 

DIGITAL INPUTS 

Low State Threshold (V|nl) 


0.8 

Max 


V 

High State Threshold (V||sjh) 

2.4 

Min 

V 

Input Current 

V|N = 0orV+ 

±1 

Max 


fxA 

Input Coding 

See Tables 1 & 2 

Binary/Offset Binary 




Input Capacitance (Note 3) 


8 

Max 


PF 

POWER REQUIREMENTS 

Power Supply Voltage Range 

Accuracy is not guaranteed 
over this range 

+ 5to +16 


■ 


I + 

All digital inputs high or low 

2.0 

2.5 




Total Power Dissipation (Including the ladder) 


20 





NOTES: 1. Full scale range (FSR) is 10V for unipolar and ± 10V for bipolar modes. Specifications subject to 

2. Using internal feedback resistor, Rfeedback- change without notice. 

3. Guaranteed by design; not subject to test. 

4. Accuracy not guaranteed unless outputs at ground potential. 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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+11V (ADJUST FOR VouT = OV) 






DEFINITION OF TERMS 

NONLINEARITY; Error contributed by deviation of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a multi¬ 
plying DAC, this should hold true over the entire Vref 
range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (Vref)- A 
bipolar converter of n bits has a resolution of [2-(n-i)] 
[Vref]- Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within yz LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC’s operational amplifier output volt¬ 
age to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive cou¬ 
pling from Vref to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from Iquti and louT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
Iquti terminal with all digital Inputs LOW or on Iout2 termi¬ 
nal when all inputs are HIGH. 

DETAILED DESCRIPTION 

The Intersil AD7541 is a 12 bit, monolithic, multiplying 
D/A converter. Highly stable thin film R-2R resistor ladder 
network and NMOS DPDT switches form the basis of the 
converter circuit. CMOS level shifters provide low power 
DTL/TTL/CMOS compatible operation. An external voltage 
or current reference and an operational amplifier are all that 
is required for most voltage output applications. 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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A simplified equivalent circuit of the DAC is shown in Fig¬ 
ure 9. The NMOS DPDT switches steer the ladder leg cur¬ 
rents between IOUT1 and IOUT2 buses which must be held 
at ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 
Converter errors are further eliminated by using wider metal 
interconnections between the major bits and the outputs. 
Use of high threshold switches reduces the offset (leakage) 
errors to a negligible level. 

Each circuit is laser-trimmed, at the wafer level, to better 
than 12 bits linearity. For the first four bits of the ladder, 
special trim-tabbed geometries are used to keep the body 
of the resistors, carrying the majority of the output current, 
undisturbed. The resultant time stability of the trimmed cir¬ 
cuits is comparable to that of untrimmed units. 

The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first (Figure 10). This configuration results in DTL/TTL/ 
CMOS compatible operation over the full military tempera¬ 
ture range. With the ladder DPDT switches driven by the 
level shifter, each switch is blnarily weighted for an “ON” 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis¬ 
tors, resulting in accurate leg currents. 

APPLICATIONS 
General Recommendations 

Static performance of the AD7541 depends on Iquti and 
•0UT2 (pin and pin 2) potentials being exactly equal to 
GND (pin 3). 

The output amplifier should be selected to have a low 
input bias current (typically less than 75nA), and a low drift 
(depending on the temperature range). The voltage offset of 
the amplifier should be nulled (typically less than ± 200jiiV). 

The bias current compensation resistor in the amplifier’s 
non-inverting input can cause a variable offset. Non-invert¬ 
ing input should be connected to GND with a low resistance 
wire. 


Ground-loops must be avoided by taking all pins going to 
GND to a common point, using separate connections. 

The V+ (pin 18) power supply should have a low noise 
level and should not have any transients exceeding +17 
volts. 

Unused digital inputs must be connected to GND or Vdd 
for proper operation. 

A high value resistor (~1M11) can be used to prevent 
static charge accumulation, when the inputs are open-cir¬ 
cuited for any reason. 

When gain adjustment is required, low tempco (approxi¬ 
mately 50ppm/°C) resistors or trim-pots should be selected. 
UNIPOLAR BINARY OPERATION 

The circuit configuration for operating the AD7541 in uni¬ 
polar mode is shown in Figure 11. With positive and nega¬ 
tive VREF values the circuit is capable of 2-Quadrant multi¬ 
plication. The “Digital Input Code/Analog Output Value” ta¬ 
ble for unipolar mode is given in Table 1. A Schottky diode 
(HP5082-2811 or equivalent) prevents Iquti from negative 
excursions which could damage the device. This precaution 
is only necessary with certain high speed amplifiers. 



0333-11 

Figure 11: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Zero Offset Adjustment 

1 . Connect all digital inputs to GND. 

2. Adjust the offset zero adjust trimpot of the output 
operational amplifier for OV ±0.5mV (max) at 
VOUT. 

Gain Adjustment 

1. Connect all digital inputs to VDD. 

2. Monitor VOUT for a - VREF (1 -1 /212) reading. 

3. To increase VOUT, connect a series resistor, (0 to 
500 ohms), in the IOUT1 amplifier feedback loop. 

4. To decrease VOUT, connect a series resistor, (0 to 
500 ohms), between the reference voltage and the 
VREF terminal. 

Table 1: Code Table — Unipolar Binary 
Operation 


DIGITAL INPUT 

ANALOG OUTPUT 

111111111111 

-Vref (1-1/212) 

100000000001 

-Vref (1/2+1/212) 

100000000000 

-Vref/2 

011111111111 

-Vref (1/2-1/212) 

000000000001 

-Vref (1/212) 

000000000000 

0 



Note: R1 and R2 should be 0.01%, low-TCR resistors. 

Figure 12: Bipolar Operation 
(4-Quadrant Muitiplication) 


BIPOLAR (OFFSET BINARY) OPERATION 

The circuit configuration for operating the AD7541 in the 
bipolar mode is given in Figure 12. Using offset binary digital 
input codes and positive and negative reference voltage 
values Four-Quadrant multiplication can be realized. The 
“Digital Input Code/Analog Output Value” table for bipolar 
mode is given in Table 2. 


A “Logic 1” input at any digital input forces the corre¬ 
sponding ladder switch to steer the bit current to IOUT1 
bus. A “Logic 0” input forces the bit current to IOUT2 bus. 
For any code the lOUT 1 and IOUT2 bus currents are com¬ 
plements of one another. The current amplifier at IOUT2 
changes the polarity of IOUT2 current and the transcon¬ 
ductance amplifier at lOUT 1 output sums the two currents. 
This configuration doubles the output range but halves the 
resolution of the DAC. The difference current resulting at 
zero offset binary code, (MSB=“Logic 1”, All other 
bits=“Logic 0”), is corrected by using an external resistive 
divider, from VREF to IOUT2. 

Offset Adjustment 

1. Adjust Vref fo approximately + 10V. 

2. Set R4 to zero. 

3. Connect all digital inputs to “Logic 1 ”. 

4. Adjust louT2 amplifier offset zero adjust trimpot for 
OV +0.1 mV at louT2 amplifier output. 

5. Connect a short circuit across R2. 

6. Connect all digital inputs to “Logic 0”. 

7. Adjust louT2 amplifier offset zero adjust trimpot for 
OV ±0.1 mV at Iquti amplifier output. 

8. Remove short circuit across R2. 

9. Connect MSB (Bit 1) to “Logic 1” and all other bits 
to “Logic 0”. 

10. Adjust R4 for OV ±0.2mV at Vqut- 

Gain Adjustment 

1. Connect all digital inputs to VDD. 

2. Monitor VOUT for a -VREF (1-1/211) volts read¬ 
ing. 

3. To increase VOUT, connect a series resistor, (0 to 
500 ohms), in the IOUT1 amplifier feedback loop. 

4. To decrease VOUT, connect a series resistor, (0 to 
500 ohms), between the reference voltage and the 
VREF terminal. 

Table 2: Code Table 
Bipolar (Offset Binary) Operation 


DIGITAL INPUT 

ANALOG OUTPUT 

111111111111 

-Vref (1-1/211) 

100000000001 

-Vref (1/211) 

100000000000 

0 

011111111111 

Vref (1/211) 

000000000001 

Vref (1-1/211) 

000000000000 

Vref 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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The output impedance of the AD7541 looking into Iquti 
varies between 10kn (Rpeedback alone) and SKH (Rpeed- 
back) parallel with the ladder resistance). 

Similarly the output capacitance varies between the mini¬ 
mum and the maximum values depending on the input 
code. These variations necessitate the use of compensa¬ 
tion capacitors, when high speed amplifiers are used. 

A capacitor in parallel with the feedback resistor (as 
shown in Figure 13) provides the necessary phase compen¬ 
sation to critically damp the output. 

A small capacitor connected to the compensation pin of 
the amplifier may be required for unstable situations causing 
oscillations. Careful PC board layout, minimizing parasitic 
capacitances, is also vital. 


DYNAMIC PERFORMANCE 

The dynamic performance of the DAC, also depends on 
the output amplifier selection. For low speed or static appli¬ 
cations, AC specifications of the amplifier are not very crit¬ 
ical. For high-speed applications slew-rate, settling-time, 
openloop gain and gain/phase-margin specifications of the 
amplifier should be selected for the desired performance. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ICL7121 

16-Bit Multiplying 
Microprocessor-Compatibli^ 
D/A Converter 

GENERAL DESCRIPTION 

The ICL7121 achieves 0.003% linearity v^fhout laser trim¬ 
ming by combining a four quadrant multiplying DAC using 
thin film resistors with an on-chip PROM-controlled correc¬ 
tion circuit. Silicon-gate CMOS circuitry keeps the power 
dissipation very low. 

Microprocessor bus interfacing is eased by standard 
memory WRite cycle timing and control signal use. The In¬ 
put buffer register is loaded with the 16-bit input and directly 
controls the output switches. The register is transparent if 
WR and CS are held low. 

The ICL7121 is designed and programmed for bipolar op¬ 
eration. There is an offset resistor to the output with a refer¬ 
ence Input which should be connected to - Vref, giving the 
DAC a true 2’s complement input transfer function. Two ex¬ 
tra resistors are included on the chip to facilitate the refer¬ 
ence inversion, so that only an external op amp is needed. 

ORDERING INFORMATION 




Part Number 



Temperature Range 


O^Cto +70"C 
-55"Cto +125"C 


FEATURES 

• 16-Bit Resolution 

• Low Integral Linearity Error—0.003% FSR 

• Monotonic to 16 Bits Over Full Military Temperature 
Range (LM Grade) 

• Microprocessor Compatible with Buffered Inputs 

• Bipolar Application Requires No External Resistors 

• Output Current Settling Time 3 jms Max (1 jms Typ) 

• Low Linearity and Gain Temperature Coefficients 

• Low Power Dissipation (25 mW) 

• Full Four-Quadrant Multiplication 

• Low Differential Nonlinearity Error at Bipolar Zero 


Package 


28-Pin CERDIP 
28-Pin CERDIP 


Monotonicity 


ICL7121KCJI 

ICL7121KMJI 

OX to +70X 
-55Xto +125X 

i 28-Pin CERDIP 

28-Pin CERDIP 

ICL7121LCJI 

ICL7121LMJI 

OX to +70X 
-55Xto +125X 

' 28-Pin CERDIP 

j 28-Pln CERDIP 







Figure 1: ICL7121 Functional Diagram 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 3 Q^ 660-003 


NOTE: AH typical values have been characterized but are not tested. 
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^Dimi^DiL 


ABSOLUTE MAXIMUM RATINGS (Notei) 

Supply Voltage V+ to DGND.-0.3V to 7.5V 

Vref. RqfS. R|NV>RfB to DGND .±25V 

Current in AGNDp. AGNDs .25 mA 

Dn. wr, cs, prog, Iout. 

AGNDp, AGNDs .-0.3V to (V+ + 0.3V) 

Operating Temperature 

ICL7121C .O^Cto +70‘’C 

ICL7121M.-55“Cto +125‘’C 

Storage Temperature.-65®C to + 150°C 

Power Dissipation (Note 2).500 mW 

derate above 70“C @ 10 mW/®C 
Lead Temperature (soldering, 10 sec).300“C 

NOTE 1: All voltages with respect to DGND. 

2: Assumes all leads soldered or welded to printed circuit board. 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


(LSB) Do [T 

- ^ - 

2 ^ WR 

Di|T 


i^cs 

D2[? 



D3[T 


^lOUT 

D4[5 


^ AGNDs 

D5|T 


^ AGNDf 

D6[7 

ICL7121 

^ DGND 

D/U 


I^Rfb 

DalZ 


^ Rofs 

Dg [io 


^ Rinv 

Dio 


Vref 

Dii[« 


^ PROG 

□ 12(13 


^ Dis (MSB) 

□ 13(14 
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Figure 2: Pin Configuration 


(Outiine Dwg. Jl) 


DC ELECTRICAL CHARACTERISTICS V+ = +5V, Vrep== +5V, Ta= + 25‘’C unless Otherwise specified 



Parameter 


■ 


mu 

■ 






mu 


Resolution 

All Grades 

16 



Bits 


Monotonicity 

(Note 3) 

J 

14 







K 

15 



Bits 




L 

16 





Differential Linearity Error 

Ta = +25°C 

J 



1 



at Bipolar Zero 


K 



1 

LSB 




L 



y2 




Operating Temperature Range 

J 



iy2 





K 



iy2 

LSB 




L 



1 


DLE 

Differential Linearity Error 

Ta = +25“C 

J 

-0.006 


+ 0.006 





K 

-0.003 


+ 0.003 

%FSR 




L 

-0.0015 


+ 0.003 




Operating Temperature Range 

J 

-0.006 


+ 0.006 





KC 

-0.006 


+ 0.006 





LC 

-0.003 


+ 0.0045 

%FSR 




KM 

-0.003 


+ 0.0045 





LM 

-0.0015 


+ 0.0045 


Ile 

Integral Linearity Error 

Ta=+25“C 

J 

-0.006 

±0.003 

+ 0.006 





K 

-0.003 

±0.0015 

+ 0.003 

%FSR 




L 

-0.003 

±0.0015 

+ 0.003 




Operating Temperature Range 

J 

-0.009 

±0.006 

+ 0.009 





K 

-0.006 

±0.003 

+ 0.006 

%FSR 




LC 

-0.003 

±0.0015 

+ 0.003 




LM 

-0.006 

±0.003 

+ 0.006 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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DC ELECTRICAL CHARACTERISTICS 

V+ = +5V, Vref = +5V, Ta = +25°C unless otherwise specified (Continued) 


Symbol 

Parameter 

Test Conditions 


Limits 

Units 


Min 

Typ 

Max 





Tc(ILE) 

Integral Linearity Error 


J 


0.3 

1.2 

ppmrc 


Temperature Coefficient 


K,L 


0.2 

0.9 

GE 

Unadjusted Gain Error 

Ta = +25°C 

J 

-0.012 

±0.004 

+ 0.012 





K 

-0.009 

±0.003 

+ 0.009 

%FSR 




L 

-0.006 

±0.002 

+ 0.006 




Operating Temperature Range 

J 

-0.04 

±0.02 

+ 0.04 





K 

-0.02 

±0.01 

+ 0.02 

%FSR 




L 

-0.02 

±0.01 

+ 0.02 


Tc(GE) 

Unadjusted Gain Error 


J 


1.0 

5.2 

ppm/^C 


Temperature Coefficient 


K, L 


0.5 

2.0 

Voz 

Unadjusted Output Offset 

Dn = All O’s (Note 6) 


4 

±15 

mV 

AVoz/AT 

Output Offset Drift 

Dn = All O’s (Note 6) 



5 

jutV/^C 

PSRR 

Power Supply Rejection Ratio 

V+ = 5V ±10%,Ta = +25“C 


30 

100 

ppm/V 



Operating Temperature Range 


50 

150 

^S 

Output Current Settling Time 

(Note 4) 


1.8 

3 

JLlS 

Zref 

Reference Input Resistance 


3 

4.2 

6 

m 

Gout 

Output Capacitance 

Dfsj = All O’s 



150 


PF 



Dn = AIM’s 



300 


V|L 

Low Level Input Voltage 

Operating Temperature Range 



0.8 

V 

V|H 

High Level Input Voltage 

Operating Temperature Range 

2.4 



V 

l|N 

Logic Input Current 

OV ^ V|N ^ V+ 

-1.0 


+ 1.0 


C|N 

Logic Input Capacitance 



15 


pF 

V + 

Supply Voltage Range 

Functional Operation (Note 5) 

4.5 

5.0 


V 

! + 

Supply Current, 

V|L = 0.8 V, V|H = 2.4V. Ta = 25“C 



1.5 

mA 


excluding Ladder Current 

Operating Temperature Range 


1.0 

2.5 


NOTES 3: Military temperature range parts are also tested to stated limits at -SS'C and +125'’C. 

4: Guaranteed by characterization but not tested on a production basis. 

5: Guaranteed by PSRR test. 

6: Refer to Figure 4. Measured at output of amplifier A1 (A1 having zero offset). Vref = +5V. Adjustable to zero with external potentiometer. 


AC ELECTRICAL CHARACTERISTICS V+ = +5V, Ta= + 25®C; see Timing Diagram, Figure 3 (Note 4) 



Parameter 


Limits 

Units 





Chip Select-WRite Set-Up Time 


0 




tCWh 



0 



tWR 

WRite Pulse Width Low 


200 




Data-WRIte Set-Up Time 


200 



tcWh 

Data-WRite Hold Time 


0 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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HDtFjnni^DiL 



Figure 3: Timing Diagram 


Tabie 1. Pin Assignment and Function Description 


Pin 

Name 

Description 

1 

Do 

Least Significant Bit 

2 

Di 


3 

D2 


4 

Da 


5 

D4 

Input 

6 

Ds 


7 

De 

Data 

8 

Dy 


9 

Da 

Bits 

10 

Dg 


11 

Dio 

(HiGH = True) 

12 

Dii 


13 

Di2 


14 

Di3 


15 

Di4 


16 

Di5 

Most Significant Bit 

17 

PROG 

Used for programming only. Tie to + 5V for 
normal operation. 

18 

Vref 

Vref input to ladder. 

19 

Rinv 

Summing node for Inverting amplifier. 

20 

CO 

LL 

O 

DC 

Bipolar offset resistor, to Vref- 

21 

Rfb 

Feedback resistor for voltage output 
applications. 

22 

DGND 

Digital GrouND return. 

23 

AGNDf 

Analog GrouND Force Line. Used to carry 
current from internal Analog GrouND 
connections. 

24 

AGNDs 

Analog GrouND Sense line. Reference point 
for external circuitry. Pin should carry minimal 
current. 

25 

Iqut 

Current output pin. 

26 

V+ 

Positive supply voltage. 

27 

CS 

Chip Select. Active low. Enables writing to 
register. 

28 

WR 

WRite input. Active low. Writes into register. 
Equivalent to 


DEFINITION OF TERMS 

NON-LiNEARiTY: Error contributed by deviation of the 
DAC transfer function from a best straight line function. Nor- 
maily expressed as a percentage of full-scaie range. For a 
multiplying DAC, this should hold true over the entire Vref 
range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resoiution of ( 2 ~N) (Vref)- A 
bipoiar converter of n bits has a resolution of (2~(n-i)) 
(Vref)- Resoiution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within % LSB for a given digital input 
stimuius, i.e., 0 to fuil-scale. 

GAIN: Ratio of the DAC’s operational amplifier output 
voltage to the nominal input voltage value. 

DETAILED DESCRIPTION 

The ICL7121 consists of a 16-bit primary DAC, PROM 
controlled correction DACs, input buffer registers, and mi¬ 
croprocessor interface logic. The 16-bit primary DAC is an 
R-2R thin film resistor ladder with N-channel MOS SPDT 
current steering switches. Precise balancing of the switch 
resistances and ail other resistors in the ladder results in 
excellent temperature stability. 

The low linearity error is acheived by programming a 
floating polysilicon gate PROM array which controls a 12-bit 
correction DAC (C-DAC). The most significant bits of the 
primary DAC register address this PROM array. Thus for 
every combination of the primary DAC’s most significant 
bits a different C-DAC code is selected, allowing correction 
of superposition errors. These errors are caused by bit inter¬ 
action on the primary ladder’s current bus and by voltage 
non-linearity in the feedback resistor. Superposition errors 
cannot be corrected by any method that corrects individual 
bits only, such as laser trimming. 

The onboard PROM also controls the 6-bit gain DAC. The 
G-DAC reduces gain error to less than 0.006% FSR by di¬ 
verting to analog ground up to 2% of the current flowing in 
Rfb- 

Since the PROM programming occurs in packaged form, 
it corrects for resistor shifts caused by the thermal stresses 
of packaging, uniike wafer-level trimming methods. Aiso, 
since the thin film resistors do not suffer iaser trimming 
stresses, no degradation of time-stability results. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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APPLICATIONS 
Bipolar Operation 

The circuit diagram for the normal configuration of the 
ICL7121 is shown in Figure 4. The 2’s complement input 
and positive and negative reference voltage values allow 
full four-quadrant multiplication. Amplifier A 3 , together with 
the internal resistors R|nvi sind R|nv 2 . forms a simple volt¬ 
age inverter circuit to generate -Vref for the Rqfs offset 
input pin. This will give the nominal “digital input code/ana¬ 
log output value” relationship of Table 2. 


Table 2. Code Table—Bipolar Operation 


Digital Input 

Analog Output 

0111111111111111 

-VrefH - 1/215) 

0000000000000001 

-Vref (1/215) 

0000000000000000 

0 

1111111111111111 

Vref (1/215) 

1000000000000001 

Vref(1 - 1/215) 

1000000000000000 

Vref 


Amplifier Ai is the output amplifier. An additional amplifier 
A 2 may be used to force AGNDf if the ground reference 
point is established elsewhere than at the DAC, as in Figure 
5. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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A feedback compensation capacitor, Cp, improves the 
settling time by reducing ringing. This capacitor is normally 
In the 10 pF-40 pF range, depending on layout and the 
output amplifier selected. If Cp is too small, ringing or oscil¬ 
lation can occur when using an op amp with a high gain- 
bandwidth. If Cp is too large, the response of the output 
amplifier will be overdamped and will settle slowly. 

The input circuits of some high speed op amps will sink 
large currents to their negative supply during power up and 
power down. The Schottky diode at Iqlit any nega¬ 
tive-going transitions to less than -0.4V, avoiding the SCR 
latchup which could result if significant current was injected 
Into the parasitic diode between Iqut snd V“ of the 
ICL7121. This diode is not needed when using the ICL7650 
ultra low Vqs op amp. 

Offset Adjustment 

1 . Connect all data Inputs and WR and Cs to DGND. 

2. Adjust the offset zero-adjust of the operational amplifier 
A 2 , if used, for < ±50 jaV at AGNDs- 

3. Set data to 0000 ... 000 (all low). Adjust the offset zero- 
adjust of output operational amplifier Ai for < ± 50 jutV at 
Iqut- Vqut will be offset from OV by the bipolar zero 
error. 

The bipolar zero error can be as large as 15 mV, but has 
a typical temperature coefficient of only 3 jllV/°C. This error 
may be trimmed out by adjusting the offset of A 3 . 

Gain Adjustment 

In many systems, gain adjustment will not be needed 
since the gain of the ICL7121 is accurate to within 0.006% 
FSR. When system gain must be adjusted, the low gain er¬ 
ror limits the required adjustment range to only slightly more 
than the initial accuracy error of the reference. This is desir¬ 
able since external gain trims degrade the gain temperature 
coefficient of a monolithic DAC. This degradation of the 
gain temperature coefficient occurs because, although the 
internal resistors track each other closely, they have a tem¬ 
perature coefficient of resistance of approximately -250 
ppmrc. 

To increase Vqut. connect a series resistor of 200 ft or 
less between the Ai output and the Rfb terminal (pin 21 ). 
To decrease Vout> connect a series resistor of 100ft or 
less between the reference voltage and the Vref terminal 


(pin 18). These resistor values result in a minimum of 1% 
FSR gain trim and add about 3 ppm/®C gain temperature 
coefficient. If only a small gain trim range is needed, the 
resistor values should be reduced in order to preserve the 
excellent 0.5 ppm/^C gain temperature coefficient. 

Digital Interface 

The ICL7121 has a 16-bit latch onboard and can interface 
directly to a 16-bit data bus. As shown in Figure 6 , external 
latches or peripheral ICs can be used to interface to an 8 -bit 
data bus. To ensure that the data is written into the onboard 
lat ch, t he data must be valid 200 ns before the rising edge 
of WR. If WR and CS are both low, the onboard latch is 
transparent and the input data is directly applied to the in¬ 
ternal R-2R ladder switches. While this simplifies interfacing 
in non-microprocessor systems, having WR low before data 
Is valid may cause additional glitches in some microproces¬ 
sor systems. To avoid these glitches, data must be valid at 
the time WR goes low. 

All digital interfaces can suffer from capacitive coupling 
between the digital lines and the analog section. There are 
two general precautions that will reduce this capacitive cou¬ 
pling problem: 1 ) reduce stray capacitance between digital 
lines and analog lines; and 2 ) reduce the number of tran¬ 
sitions on the digital inputs. Careful board layout and shield¬ 
ing can minimize the capacitive coupling (see Figure 8 ). The 
activity on the digital input lines can be reduced by using 
external latches or peripheral interface ICs between the mi¬ 
croprocessor bus and the ICL7121. This will reduce the 
number of transitions on the digital data and control lines of 
the ICL7121, thereby reducing the amount of digital noise 
coupled into sensitive analog sections. 

OPERATIONAL AMPLIFIER SECTION 

The input offset voltage, input current, gain, and band¬ 
width of the op amps used affect the circuit performance. 
Since the output impedance of Iqut varies with the digital 
input code, the input current of amplifier A-| will cause a 
code-dependent error at Vqut. degrading the linearity. The 
input bias current should be significantly less than 1 LSB 
current, which is about 10 nA. In a similar manner, any off¬ 
set voltage in Ai will also cause linearity errors. The offset 
voltage of the output amplifier should be significantly less 
than 1 LSB (153 juV at Vref = 5V). 
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The voltage output settling time is highly dependent on 
the slew rate and gain-bandwidth of Ai, so for high speed 
operation a high speed op amp such as the HA2600 is rec¬ 
ommended. For applications where high speed is not re¬ 
quired, the ICL7650 or ICL7652 can be used for A-i. Since 
the iCL7650/52 offset voltage is less than 5 jaV, no offset 
trimming is needed. To get a full 5V output swing from these 
op amps, ± 7.5V supplies should be used for the ICL7650/ 
52. 

Amplifier A 3 , which is used to generate the inverted refer¬ 
ence, needs only to have a stable offset and to be able to 
drive a 3 kft load. Since this Is strictly a DC amplifier, the 
low noise ICL7652 is an ideal choice. Any variation in the 
offset voltage of A 3 will result in a drift in the bipolar zero, 
but will not affect the linearity of the ICL7121. 

Amplifier A 2 , used to generate a high quality ground, also 
needs a low offset and the ability to sink up to 2 mA. 

MULTIPLYING MODE PERFORMANCE 

While the ICL7121 can perform full four-quadrant multipli¬ 
cation, full 0.003% linearity is guaranteed only at Vref == 
+ 5V. This is because the voltage coefficient of resistance 
of the R-2R ladder and the feedback resistor are significant 
at the 14- or 16-bit level. This effect is most significant at 
higher voltages, and adds errors on the order of 0.01 % for a 
±10V full-scale. While the ICL7121 is tested and specified 
for Vref == +5V, the R- 2 R ladder has the same voltage 
across it when Vref = ~5V. Therefore, voltage coeffi¬ 
cients do not add any error with a -5V reference voltage. 

GROUND LOOPS 

Careful consideration must be given to ground loops In 
any high accuracy system. The current into the analog 


ground point inside the chip varies significantly with the in¬ 
put code value, and the inevitable resistances between this 
point and any external connection point can lead to signifi¬ 
cant voltage drop errors. For this reason, two separate 
leads are brought out from this point on the 1C: AGNDs and 
AGNDp. The varying current should be absorbed through 
the AGNDp pin, and the AGNDs pin will then accurately 
reflect the voltage on the internal current summing point, as 
shown in Figure 7. Output signals should ideally be refer¬ 
enced to the sense pin AGNDs, shown in the application 
circuits. 


Vref Rfb 



0081-7 

Figure 7: Eliminating Ground Loops 



a. Printed Circuit Side of Board b. Top Side with Component Placement 

Figure 8: Printed Circuit Board Layout (Single Sided Board) 
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ICL7134 

14-Bit Multiplying juP-Compatible 
D/A Converter 



GENERAL DESCRIPTION 

The ICL7134 combines a four-quadrant multiplying DAC 
using thin film resistor and CMOS circuitry with an on-chip 
PROM-controlled correction circuit to achieve true 14-bit lin¬ 
earity without laser trimming. 

Microprocessor bus interfacing is eased by standard 
memory WRite cycle timing and control signal use. Two in¬ 
put buffer registers are separately loaded with the 8 least 
significant bits (LS register) and the 6 most significant bits 
(MS register). Their contents are then transferred to the 14- 
bit DAC register, which controls the output switches. The 
DAC register can also be loaded directly from the data in¬ 
puts, in which case the registers are transparent. 

The ICL7134 is supplied in two versions. The ICL7134U is 
programmed for unipolar operation while the ICL7134B is 
programmed for bipolar applications. The Vref input to the 
most significant bit of the DAC is separated from the refer¬ 
ence input to the remainder of the ladder. For unipolar use, 
the two reference inputs are tied together, while for bipolar 
operation, the polarity of the MSB reference Is reversed, 
giving the DAC a true 2’s complement input transfer func¬ 
tion. Two resistors which facilitate the reference inversion 
are included on the chip, so only an external op-amp is 
needed. The PROM is coded to correct for errors In these 
resistors as well as the inversion of the MSB. 


FEATURES 

• 14-Bit Linearity (0.003% FSR) 

• No Gain Adjustment Necessary 

• Microprocessor-Compatibie With Doubie Buffered 
inputs 

• Bipoiar Appiication Requires No Extra Adjustments 
or Externai Resistors 

• Low Linearity and Gain Temperature Coefficients 

• Low Power Dissipation 

• Fuii Four-Quadrant Muitipiication 


w |T 
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^ Ao 
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Di |T 
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02 [T 
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ICL7134 

^ DGND 

05 [T 


il Rfb 

Oe [9 


^ Vrfm 

Or [lO 
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Os [ii 


HI Vrfl 

O 9 [« 


^ PROG 

O 10 [m 


Di3(MSB) 

Oil |l4 
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Figure 1: Pin Configuration (Outiine dwg Jl) | 


ORDERING INFORMATION 


Non-Linearity 

Temperature Range 

at 25X 

OX to +70X 

-25XtO +85X 

-SSXto +125X 

Bipoiar Versions 

0.01% (12-bit) 

ICL7134BJCJI 

ICL7134BJIJI 

ICL7134BJMJI 

0.006% (13-bit) 

ICL7134BKCJI 

ICL7134BKIJI 

ICL7134BKMJI 

0.003% (14-bit) 

ICL7134BLCJI 

ICL7134BLIJI 

ICL7134BLMJI 

Unipoiar Versions 

0.01% (12-bit) 

ICL7134UJCJi 

ICL7134UJIJI 

ICL7134UJMJI 

0.006% (13-bit) 

ICL7134UKCJI 

ICL7134UK1JI 

ICL7134UKMJI 

0.003% (14-bit) 

ICL7134ULCJI 

ICL7134ULIJI 

ICL7134ULMJI 


PACKAGE: 28-pin CERDIP only 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
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^DIMuli^aiL 


ABSOLUTE MAXIMUM RATINGS (Notei) 


Supply Voltage (V+to DGND) .-0.3V to 7.5V 

Vrfl. Vrfm. R|NV. RfB to DGND .±15V 

louT. AGNDf. AGNDs.-0.1V to V+ 

Current in AGNDs, AGNDp .25mA 

An, Dn, WR, CS, PROG.-0.3V to V+ +0.3V 


Note 1: All voltages with respect to DGND. 

Note 2: Assumes all leads soldered or welded to printed circuit board. 


Operating Temperature Range 

ICL7134XXC.0‘»Cto +70‘*C 

ICL7134XXI.-25*0 to +85*0 

ICL7134XXM .- 55*0 to +125*0 

Storage Temperature Range.-65*0 to +150*0 

Power Dissipation (Note 2) . 500mW 

Derate Linearly Above 70*0 @ 10mW/*C 
Lead Temperature (Soldering, lOsec) . 300*0 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



Symbol 

Parameter 

Test Conditions 

Limits 

Unit 


BSl 



Resolution 


o 





Non-Linearity 

J 

Test Figure 4 

(Notes 1 and 2) 



0.012 

% FSR 

K 



0.006 

% FSR 

L 



0.003 

% FSR 


Non-Linearity Temperature Coefficient (Note 3) 

Operating Temperature Range 


1 

2 

ppm/*C 
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ELECTRICAL CHARACTERISTICS (V+ =5V, Vref= 10V, Ta= 25“C unless otherwise specified.) (Continued) 


Symbol 

Parameter 

Test Conditions 

Limits 


IQjQI 




Gain Error 

J 

Test Figure 4 

(Notes 1 and 2) 



0.024 

% FSR 

K 



0.012 

% FSR 

L 



0.006 

% FSR 


Gain Error Temperature Coefficient (Note 3) 



2 

8 

ppm/®C 


Monotonicity 

(Note 3) 

J 


la 



Bits 

K 




mmm 

L 




■im 

Iqlk 

Iqut Leakage Current 

Ta=+25“C 





Operating Temperature Range 


1131 


PSRR 

Power Supply Rejection 

Ta=+25“C, AV+ = ±10% 


m 



Operating Temperature Range 





Output Current Settling Time 



1 


||||||||||||||§|||^^ 


Feedthrough Error 

ICL7134U 

Vref= ± 10V, 2kHz Sinewave 





ICL7134B 




Zref 

Reference Input Resistance 

Vrfl=Vrfm (Unipolar Mode) 

4.0 




Gout 

Output Capacitance 

DAC Register=All O’s 




B 

DAC Register=All 1’s 


235 



Output Noise 

Equivalent Johnson Res. 


7 



ViNL 

Low State input 

Operating Temperature Range 



0.8 

iH9H 

V|NH 

High State Input 

Operating Temperature Range 

m 



HDI 

l|in 

Logic Input Current 

0iV|NSV+ 



1.0 

/xA 

G|in 

Logic Input Capacitance 

(Note 3) 


la 


PF 

V+ 

Supply Voltage Range (Note 4) 

Functional Operation 




V 

1 + 

Supply Current (Note 5) 

(Excluding Ladder) (Note 5) 


m 


mA 


Long Term Stability 

1000 Hours, + 125‘‘C (Note 3) 


Bl 


ppm/month 


NOTES: 1. Full-Scale Range (FSR) Is 10V for unipolar mode, 20V (±10V) for bipolar mode. 

2. Using internal feedback and reference inverting resistors. 

3. Guaranteed by design, not production tested. 

4. Full scale tested to 0.040% FSR. 

5. D0-D13 connected to 2.4V. 


AC CHARACTERISTICS (V+ = 6V, Ta= 25®C, see Timing Diagram) 



Parameter 

Test Conditions 





Uws 

Address-WRite Set-Up Time 


100 



ns 

tAWh 

Address-WRite Hold Time 

(Note 3) 

0 



tcws 

Chip §elect-WRite Set-Up Time 

(Note 3) 

0 



tcwh 

Chip Select-WRite Hold Time 

(Note 3) 

0 



tWR 

WRite Pulse Width Low 


200 



IdWs 

Data-WRite Set-Up Time 


200 



toWh 

Data-WRite Hold Time 

(Note 3) 

0 
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DEFINITION OF TERMS 

NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a straight line function between end 
points. Normally expressed as a percentage of full scale 
range. For a multiplying DAC, this should hold true over the 
entire Vref range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2~n) (Vref)- A 
bipolar converter of n bits has a resolution of [2“(n-t)] 
[VrefI- Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within Va LSB for a given digital input 
stimulus, i.e., 0 to full-scale. 

GAIN: Ratio of the DAC’s operational amplifier output volt¬ 
age to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive cou¬ 
pling from Vref to output with all switches OFF. 


Table 1; Pin Descriptions 


Q3I 


Description 

■ 

m 

Chip Select (active low). 

Enables register write. 


WR 

WRite, (active low). Writes in register. 
Equivalent to CS. 


Do 

BitO 

Least significant 

4 

Di 

Biti 

Input 

Data 

Bits 

(High = True) 

5 

D2 

Bit 2 

6 

Da 

Bit 3 

7 

D4 

Bit 4 

8 

Ds 

Bit 5 

9 

De 

Bit 6 

10 

D7 

Bit 7 

11 

Ds 

Bit 8 

12 

Dg 

BitO 

13 

Dio 

Bit 10 

14 

D11 

Bit 11 

15 

Di2 

Bit 12 

16 

Di3 

Bit 13 

Most significant. 

17 

PROG 

Used for programming only. Tie to 
+ 5V for normal operation. 

18 

Vrfl 

Vref for lower bits. 

19 

R|NV 

Summing node for reference inverting 
amplifier. 

20 

Vrfm 

Vref for MSB only (bipolar). 

21 

Rfb 

Feedback resistor for voltage output 
applications. 

22 

DGND 

Digital GrouND return. 

23 

AGNDf 

Analog GrouND force lines. Use to 
carry current from internal Analog 
GrouND connections. Tied internally to 
AGNDs- 

24 

AGNDs 

Analog GrouND sense line. Reference 
point for external circuitry. Pin should 
carry minimal current; tied internally to 
AGNDf- 

25 

Iqut 

Current output pin. 

26 

V+ 

Positive voltage. 

27 

Ai 

Address 1 

Control register lines 

28 

Ao 

Address 0 
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VREF = 20Vp-p2kHz +5V 



0341-6 

Figure 6: Feedthrough Error Test Circuit 



DETAILED DESCRIPTION 

The ICL7134 consists of a 14-bit primary DAC, two PROM 
controlled correction DACs, input buffer registers, and mi¬ 
croprocessor interface logic (Figure 2). The 14-bit primary 
DAC is an R- 2 R thin film resistor ladder with N-channel 
MOS SPOT current steering switches. Precise balancing of 
the switch resistances, and all other resistances in the lad¬ 
der, results in excellent temperature stability. 

True 14-bit linearity is achieved by programming a floating 
polysilicon gate PROM array which controls two correction 
DAC circuits. A 6 -bit gain correction DAC, or G-DAC, diverts 
up to 2% of the feedback resistor’s current to Analog 
GounND and reduces the gain error to less than 1 LSB, or 
0.006%. The 5 most significant outputs of the DAC register 
address a 31-word PROM array that controls a 12-bit lineari¬ 
ty correction DAC, or C-DAC. For every combination of the 
primary DAC’s 5 most significant bits, a different C-DAC 
code is selected. This allows correction of superposition er¬ 
rors, caused by bit interaction on the primary resistor lad¬ 
der’s current output bus and by voltage non-linearity in the 
feedback resistor. Superposition errors cannot be corrected 
by any method which corrects individual bits only, such as 
laser trimming. Since the PROM programming occurs in 
packaged form, it corrects for resistor shifts caused by the 
thermal stresses of packaging. These packaging shifts limit 
the accuracy that can be achieved using wafer level correc¬ 
tion methods such as laser trimming, which has also been 
found to degrade the time stability of thin film resistors at 
the 14-bit level. 


Analog Section 

The ICL7134 inherently provides both unipolar and bipo¬ 
lar operation. The bipolar application circuit (Figure 8 ) re¬ 
quires one additional op-amp but no external resistors. The 
two on-chip resistors, R|nvi and R|nv 2 . together with the 
op-amp, form a voltage inverter which drives the MSB refer¬ 
ence terminal, Vrfm. to ~ Vref. where Vref is the voltage 
applied at the less significant bits’ reference terminal, Vrfl- 
This reverses the weight of the MSB, and gives the DAC a 
2’s complement transfer function. The op-amp and refer¬ 
ence connection to Vrfm and Vrfl can be reversed, with¬ 
out affecting linearity, but a small gain error will be Intro¬ 
duced. For unipolar operation the Vrfm and Vrfl terminals 
are both tied to Vref. and the R|nv pin is left unconnected. 

Since the PROM correction codes required are different 
for bipolar and unipolar operation, the ICL7134 is available 
in two different versions; the ICL7134U, which is corrected 
for unipolar operation, and the ICL7134B, which Is pro¬ 
grammed for bipolar application. The feedback resistance is 
also different in the two versions, and is switched under 
PROM control from ‘R’ in the unipolar device to ‘2R’ in the 
bipolar part. These feedback resistors have a dummy (al¬ 
ways ON) switch in series to compensate for the effect of 
the ladder switches. This greatly improves the gain temper¬ 
ature coefficient and the power supply rejection of the de¬ 
vice. 

Digital Section 

Two levels of input buffer registers allow loading of data 
from an 8 -bit or 16-bit data bus. The Aq and Ai pins select 
one of four operations: 1) load the LS-buffer register with 
the data at inputs Dq to Dy; 2) load the MS-buffer register 
with the data at inputs Ds to D 13 ; 3) load the DAC register 
with the contents of the MS and LS-buffer registers and 4) 
load the DAC roister directly from the data input pins (see 
Table 2). The CS and WR pins must be low to allow data 
transfers to occur. When direct loading is selected (CS, WR, 
Aq and A^ low) the registers are transparent, and the data 
input pins control the DAC output directly. The other modes 
of operation allow double buffered loading of the DAC from 
an 8 -bit bus. 

These input data pins are also used to program the 
PROM under control of the PROG pin. This is done in man¬ 
ufacturing, and for normal read-only use the PROG pin 
should be tied to V+ (+5V). 

Table 2: Data Loading Controls 


Control I/P 

ICL7134 Operation 

Aq 

Ai 


Wr 

X 

X 

X 

1 

No operation, device not selected. 

X 

X 

1 

X 

0 

0 

0 

0 

Load all registers from data bus. 

0 

1 

0 

0 

Load LS register from data bus. 

1 

0 

0 

0 

Load MS register from data bus. 

1 

1 

0 

0 

Load DAC register from MS and 

LS register. 


Note: Data is latched on LO-HI transition of either WR or CS. 
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APPLICATIONS 

General Recommendations 

GROUND LOOPS 

Careful consideration must be given to ground loops in 
any 14-bit accuracy system. The current into the analog 
ground point inside the chip varies significantly with the in¬ 
put code value, and the Inevitable resistances between this 
point and any external connection point can lead to signifi¬ 
cant voltage drop errors. For this reason, two separate 
leads are brought out from this point on the IC, the AGNDp 
and AGNDs pins. The varying current should be absorbed 
through the AGNDp pin, and the AGNDs P'^ will then accu¬ 
rately re 'ect the voltage on the internal current summing 
point, w shown in Figure 9. Thus output signals should be 
referenced to the sense pin AGNDs, as shown in the vari¬ 
ous application circuits. 

OPERATIONAL AMPLIFIER SELECTION 

To maintain static accuracy, the Iqlit potential must be 
exactly equal to the AGNDs potential. Thus output amplifier 
selection is critical, in particular low input bias current (less 
than 2nA), low offset voltage drift (depending on the tem¬ 
perature range) and low offset voltage (less than 25jULV) are 
advisable if the highest accuracy is needed. Maintaining a 
low input offset over a OV to 10V range also requires that 
the output amplifier has a high open loop gain (AvoL>400k 
for effective input offset less than 25]aV). 

The reference inverting amplifier used in the bipolar mode 
circuit must also be selected carefully. If 14-blt accuracy is 
desired without adjustment, low input bias current (less than 
InA), low offset voltage (less than 50juiV), and high gain 
(greater than 400k) are recommended. If a fixed reference 
voltage is used, the gain requirement can be relaxed. For 
highest accuracy (better than 13 bits), an additional op-amp 
may be needed to correct for IR drop on the Analog 
GrouND line (op-amp A 2 in Figure 11). This op-amp should 
be selected for low bias current (less than 2nA) and low 
offset voltage (less than SOjaV). 



0341-9 

Figure 9: Eliminating Ground Loops 


The op-amp requirements can be readily met by use of an 
ICL7650 chopper stabilized device. For faster settling time, 
an HA26XX can be used with an ICL7650 providing auto¬ 
matic offset null (see A053 for details). 

The output amplifier’s non-inverting input should be tied 
directly to AGNDs- A bias current compensation resistor is 
of limited use since the output impedance at the summing 
node depends on the code being converted in an unpredict¬ 
able way. If gain adjustment is required, low tempco (ap¬ 
proximately 50ppm/“C) resistors or trim-pots should be se¬ 
lected. 

POWER SUPPLIES 

The V+ (pin 25) power supply should have a low noise 
level, and no transients exceeding 7 volts. Note that the 
absolute maximum digital input voltage allowed is V+, 
which therefore must be applied before digital inputs are 
allowed to go high. Unused digital inputs must be connect¬ 
ed to GND or V+ for proper operation. 

Unipolar Binary Operation (ICL7134U) 

The circuit configuration for unipolar mode operation 
(ICL7134U) is shown in Figure 10. With positive and nega¬ 
tive Vref values the circuit is capable of two-quadrant multi¬ 
plication. The “digital input code/analog output value” table 
for unipolar mode is given in Table 3. The Schottky diode 
(HP5082-2811 or equivalent) protects Iqut from negative 
excursions which could damage the device, and is only nec¬ 
essary with certain high speed amplifiers. For applications 
where the output reference ground point is established 
somewhere other than at the DAC, the circuit of Figure 11 
can be used. Here, op-amp A 2 . removes the slight error due 
to IR voltage drop between the internal Analog GrouND 
node and the external ground connection. For 13-bit or low¬ 
er accuracy, omit A 2 and connect AGNDp and AGNDs di¬ 
rectly to ground through as low a resistance as possible. 
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Table 3: Code Table — Unipolar Binary 
Operation 


Digital Input 

Analog Output 

11111111111111 

10000000000001 
10000000000000 

01111111111111 

00000000000001 

00000000000000 

-VREFa-’/a^'') 

-VREF(%+y2l‘‘) 

-Vref/2 

-VREF(y2-%^'') 

-VrefC’/zI'*) 

0 


ZERO OFFSET ADJUSTMENT_ 

1 . Connect all data inputs and WR, CS, Aq and A-| to 
DGND. 

2. Adjust offset zero-adjust trim-pot of the operational 
amplifier A 2 , if used, for a maximum of OV ±50]u,V 
at AGNDs- 

3. Adjust the offset zero-adjust trim-pot of the output 
op-amp, Ai, for a maximum of OV ±50/xV at Vqijt- 

GAIN ADJUSTMENT (OPTIONAL) 

1 . Connect all data inputs to V +, connect WR, CS, Aq 
and Ai to DGND. 

2 . Monitor Vqut a “Vref ("• reading. 

3. To decrease Vqut. connect a series resistor of 
100 n or less between the reference voltage and 
the Vrfm and Vrfl terminals (pins 20 and 18). 

4. To increase VouT. connect a series resistor of 
1 0On or less between Ai output and the Rfb termi¬ 
nal (pin 21 ). 

Bipolar (2’s Complement) Operation 
(ICL7134B) 

The circuit configuration for bipolar mode operation 
(ICL7134B) is shown in Figure 12. Using 2’s complement 
digital input codes and positive and negative reference volt¬ 
age values, four-quadrant multiplication is obtained. The 
“digital input code/analog output value” table for bipolar 
mode is given in Table 4. Amplifier A 3 , together with internal 
resistors R|nvi arid R|nv 2 . forms a simple voltage inverter 
circuit. The MSB ladder leg sees a reference input of ap¬ 
proximately -Vrefi so the MSB’s weight is reversed from 
the polarity of the other bits. In addition, the ICL7134B’s 
feedback resistance is switched to 2R under PROM control, 
so that the bipolar output range Is +Vref to -Vref 
( l-i/giS). Again, the grounding arrangement of Figure 11 
can be used, if necessary. 

Table 4: Code Table — Bipolar 
(2’s Complement) Operation 


Digital Input 

Analog Output 

01111111111111 

-VREF(1-y2‘'®) 

00000000000001 

-VREF(y2‘’®) 

00000000000000 

0 

11111111111111 

VrefI’A^S) 

10000000000001 

VREF(1-y2l3) 

10000000000000 

Vref 
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Figure 12: Bipolar (2’s Compiement), Four-Quadrant Multipiying Circuit 


OFFSET ADJUSTMENT_ 

1 . Connect ail data inputs and WR, CS, Aq and Ai to 
DGND. 

2. Adjust the offset zero-adjust trim-pot of the opera¬ 
tional amplifier A 2 , If used, for a maximum of OV 
±50]aVat AGNDs. 

3. Set data to 00000_00. Adjust the offset zero- 

adjust trim-pot of the output op-amp Ai, for a maxi¬ 
mum of OV ±50ju,V at VouT- 

4. Connect D 13 (MSB) data input to V+. 

5. Adjust the offset zero-adjust trim-pot of op-amp A 3 
for a maximum of OV ±50jliV at the Rinv terminal 
(pin 19). 

GAIN ADJUSTMEI^ (OPTIONAL) 

1. Connect WR, CS, Aq and Ai to DGND. 

2. Connect Dq, D 1 ...D 12 to V+, D 13 (MSB) to 
DGND. 


3. Monitor VouT ^or a -Vref (1 reading. 

4. To increase Vqut* connect a series resistor of 
200 n or less between the Ai output and the Rfb 
terminal (pin 21 ). 

5. To decrease Vqut. connect a series resistor of 
100 ft or less between the reference voltage and 
the Vrfl terminal (pin 18). 

Processor Interfacing 

The ease of interfacing to a processor can be seen from 
Figure 13, which shows the ICL7134 connected to an 8035 
or any other processor such as an 8049. The data bus 
feeds into both register inputs; three port lines, in combina¬ 
tion with the WR line, control the byte-wide loading Into 
these registers and then the DAC register. A complete DAC 
set-up requires 4 write instructions to the port, to set up the 
address and CS lines, and 3 external data transfers, one a 
dummy for the final transfer to the DAC register. 
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Figure 13: ICL7134 Interface to 8048 System 
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A similar arrangement can be used with an 8080A, 8228, ure 15. The decoding of the lO/M line, which controls mem- 

and 8224 chip set. Figure 14 shows the circuit, w hich can ory-mapped or I/O-mapped operation, is arbitrary, and can 

be arranged as a memory-mapped interface ( using M EMW) be omitted if not necessary. Neither the MC680X nor R650X 

or as an I/O-mapped interface (using I/O WRITE). See processor families offer specific I/O operations. Figure 16 

A020 and R005 for discussions of the relative merits of shows a suitable interface to either of these systems, using 

memory-mapped versus I/O-mapped interfacing, as well as a direct connection. Several other decoding options can be 

some other ideas on interfacing with 8080 processors. The used, depending on the other control signals generated in 

8085 processor has a very similar Interface, except that the the system. Note that the R650X family does not require 

control lines available are slightly different, as shown in Fig- VMA to be decoded with the address lines. 




ANALOG I-\ 

CIRCUIT I- J 


Figure 18:1CL7134 to 8048/80/85 Interface with Low Feedthrough 
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Figure 17: Avoiding Digitai Feedthrough 
in an 8048 to iCL7134 interface 
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Digital Feedthrough 

All of the direct interfaces shown above can suffer from a 
capacitive coupling problem. The 14 data pins, and 4 con¬ 
trol pins, all tied to active lines on a microprocessor bus, 
and in close proximity to the sensitive DAC circuitry, can 
couple pseudo-random spikes into the analog output. Care¬ 
ful board layout and shielding can minimize the problems 
(see PC layout), and clearly wire-wrap type sockets should 
never be used. Nevertheless, the inherent capacitance of 
the package alone can lead to unacceptable digital feed¬ 
through In many cases. The only solution is to keep the 
digital input lines as inactive as possible. One easy way to 
do this is to use the peripheral interface circuitry available 
with all the systems previously discussed. These generally 
allow only 8 bits to be updated at any one time, but a little 
Ingenuity will avoid difficulties with DAC steps that would 
result from partial updates. The problem can be solved for 
the 8048 family by tying the 14 port lines to the data i nput 
lines, with CS, Aq and Ai held low, and using only the WR 
line to enter the data into the DAC (as shown in Figure 17). 
WR is well separated from the analog lines on the ICL7134, 
and is usually not a very active line in 8048 systems. Addi¬ 
tional “protection” can be achieved by gating the processor 
WR line with another port line. The heavy use of port lines 
can be alleviated by use of the IM82C43 port expander. The 
same type of technique can be employed in the 8080/85 
systems by using an 8255 PI A (peripheral Interface adapter) 
(Figure 18) and in the MC680X and R650X systems by us¬ 
ing an MC6820 (R6520) PIA. 

Successive Approximation A/D 
Converters 

Figure 19 shows an ICL7134B-based circuit for a bipolar 
input high speed A/D converter, using two AM25L03s to 
form a 14-bit successive approximation register. The com¬ 
parator is a two-stage circuit with an HA2605 front-end am¬ 
plifier, used to reduce settling time problems at the sum¬ 
ming node (see A020). Careful offset-nulling of this amplifier 
is needed, and if wide temperature range operation is de¬ 
sired, an auto-null circuit using an ICL7650 is probably ad¬ 


visable (see A053). The clock, using two Schmitt trigger TTL 
gates, runs at a slower rate for the first 8 bits, where set¬ 
tling-time is most critical, than for the last 6 bits. The short- 
cycle line is shown tied to the 15th bit; if fewer bits are 
required, it can be m oved up accordingly. The circuit will 
free-run if the HOLD/RUN input is held low, but will stop 
after completing a conversion if the pin is high at that time. 
A low-going pulse will restart It. The STATUS output indi¬ 
cates when the device is operating, and the falling edge 
indicates the availability of new data. A unipolar version may 
be constructed by tying the MSB (D 13 ) on an ICL7134U to 
pin 14 on the first AM25L03, deleting the reference inver¬ 
sion amplifier A 4 , and tying Vrfm to Vrfl- 

PC BOARD LAYOUT 

Great care should be taken in the board layout to mini¬ 
mize ground loop and similar “hidden resistor” problems, as 
well as to minimize digital signal feedthrough. A suitable lay¬ 
out for the immediate vicinity of the ICL7134 is shown in 
Figure 20, and may be used as a guide. 

APPLICATION NOTES 

Some applications bulletins that may be found useful are 
listed here: 

A016 “Selecting A/D Converters,” by Dave Fullagar. 
A017 “The Integrating A/D Converter,” by Lee Evans. 
A018 “Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A020 “A Cookbook Approach to High Speed Data Acqui¬ 
sition and Microprocessor Interfacing,” by Ed Sllger. 
A021 “Power A/D Converters Using the ICH8510,” by 
Dick Wilenken. 

A030 “The ICL7104 — A Binary Output A/D Converter for 
Microprocessors,” by Peter Bradshaw. 

R005 “Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al. Electronics, Dec. 9, 1976. 
Most of these are available in the Intersil Data Acquisition 
Handbook, together with other material. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


4-43 


ICL7134 




ICL7134 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


4-44 























ICL7134 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


4-45 


ICL 













IM2110 


IM2110 

256 X 12 Color Lookup 
Table and DAC 






sse^,. 


GENERAL DESCRIPTION 

The IM2110 is designed specifically w col^.^Qi^hlcs, 
and integrates a 256 x 12 color lookup ^#nhree 4-blt 
DACs, and a microprocessor interface. 

The color lookup table Is stored in a RAM and may be 
written asynchronously by an 8- or 16-bit microprocessor. 
Three overlay registers are provided for overlaying cursors, 
grids, text, etc. The chip is capable of simultaneously dis¬ 
playing 256 out of 4096 colors at a 25 MHz rate, for a 640 x 
480 non interlaced display. 

The IM2110 generates RS-343-A compatible red, green 
and blue analog signals, and is capable of driving doubly- 
terminated 75fl coaxial cables directly. 


FEATURES 

• Interfaces Easily to 8- and 16-Bit Microprocessors 

• Interfaces to 640 x 480 Non Interlaced Color 
Displays at 25 MHz 

• 256 X 12 Color Palette 

• 3 Overlay Registers 

• Triple 4-Blt D/A Converters 

• On-Chip Temperature-Compensated Reference 

• DAC Inputs for Blank, Vsync, Hsync, Bright 

• 40-Pin DIP/44 Pin PLCC 

• PGA Compatible 

ORDERING INFORMATION 


Part Number 

Temperature 

Package 

IM2110CPL 

0°Cto +70°C 

40-Pin Plastic 

IM2110CP44 

0“Cto +70“C 

44-Pin PLCC 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltages.6.0V 

V|H (Input Logic “1” Voltage).2.0V to Vqd + 0.5V 

ViL (Input Logic “0” Voltage) .-0.5V to 0.8V 

Power Dissipation (Plastic Package) .600 mW 

Operating Temperature.O^C to + 70“C 

Storage Temperature.to +1 SO^C 

Lead Temperature (Soldering, 10 sec.).300“C 

NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

VdD. Vaa 

Positive Supply Voltage 

4.5 


5.5 

V 

Ta 

Ambient Temperature 

0 


+ 70 

“C 


Resistive Load on DAC Outputs 


37.5 


a 


Capacitive Load on DAC Outputs 


50 


pF 

RSET 

Full Scale Adjust Resistor 




n 








ADOC 

1 

40 

□ 

VDD 


ADIC 

2 

39 

□ 

P7 


AD2C 

3 

38 

□ 

P6 


AD3C 

4 

37 

□ 

P5 


AD4C 

5 

36 

□ 

P4 


AD5C 

6 

35 

□ 

P3 


AD6C 

7 

34 

□ 

P2 


AD7C 

8 

33 

□ 

PI 


AD8E 

9 

32 

□ 

PO 


AD9C 

10 

31 

□ 

BIAS 


AD10C 

11 

30 

□ 

BLUE 


AD11C 

12 

29 

□ 

RED 


CLKC 

13 

28 

□ 

VAA 



14 

27 

□ 

GREEN 


ALEC 

15 

26 

□ 

IREF 


^c 

16 

25 

□ 

GND 


^C 

17 

24 

□ 

BRIGHT 


TESTC 

18 

23 

□ 

BLANK 


OVOC 

19 

22 

□ 

HSYNC 


OVIC 

20 

21 

□ 

VSYNC 


Figure 2: Pin Configuration 

0082-2 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Icc 

Average Power Supply Current 



..^150 

mA 


DAC Resolution 



4 

Bits 


DAC Accuracy 






Integral Linearity 

-Vz 


+ Vz 

LSB 


Differential Linearity 

-Va 


+y4 

LSB 


Monotonicity 


Guaranteed 




Zero Offset 

-Vs 


+y8 

LSB 


Gain Error (Adjustable to Zero) 

-Vz 


+y2 

LSB 


Differential Accuracy (between 






Different Outputs on Same Device) 

-1 


+1 

LSB 


DAC Output Characteristics 






Full Scale Output Current (Green) 


26.7 


mA 


Full Scale Output Current (Red, Blue) 


19.05 


mA 

Vo 

Maximum Output Voltage 


2.0 


V 


REFERENCE 





Iref 

Reference Current (at Iref Pin) 



-1.2 

mA 


Reference Voltage (at Iref Pin) 

1.0 


1.4 

V 


Voltage Temperature Coefficient 


200 


ppm/*C 


Power Supply Rejection 


1.0 


%VREF 


(Vaa = Vdd = 5V ±5%) 
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IM2110 raiNnnii^DIL 

AC Test Conditions 

Input Pulse Levels.0.4V to 2.4V 

Input Rise & Fall Times.5 ns maximum 

Input Timing Reference Level .1.5V 


AC CHARACTERiSTiCS VpD = sv ± io%, Ta = o°c to + 70“C 


Symbol 

Parameter 

Min 

Typ 

Max 


tCHCH 

Clock Period 

38 



ns 

tCLCH 

Clock Width Low 

10 



ns 

tCHCL 

Clock Width High 

10 



ns 


Clock Rise & Fall Times 



5 

ns 

tAC 

Pixel Address (or OVERLAY, 

BLANK, SYNC, BRIGHT) Set-Up Time 

10 



ns 

tCA 

Pixel Address (or OVERLAY, BLANK, 

SYNC, BRIGHT) Hold Time 

10 



ns 

tCDA 

Clock to DAC Output (Note 1) 



33 

ns 


DAC Full Scale Settling Time (Note 2) 


15 


ns 


DAC 10-90% Rise Time (Note 3) 


8 


ns 


DAC Output Glitch Energy 


50 


pVs 

tLL 

ALE Width 

35 



ns 

tAL 

Address (and CS) to Latch Set-Up Time 

15 



ns 

tLA 

Address (and ^) Hold Time after Latch 

15 



ns 

tLW 

Latch to WRITE 

-10 



ns 

tww 

WRITE Pulse Width 

80 



ns 

tAW 

Data to WRITE Set-Up Time 

90 



ns 

tWA 

Data Hold Time after WRITE 

0 



ns 

tWL 

WRITE to next ALE 

20 



ns 

tLE 

ALE to ENABLE 

25 



ns 

tEW. tEE 

WRITE Duration 

80 



ns 

tAR 

Address Float to READ 

10 



ns 

tRR 

READ Pulse Width 




ns 

tRL 

READ to next ALE 

30 



ns 

tRD 

Valid Data from READ 



100 

ns 

tRF 

Data Valid after READ 



30 

ns 


NOTE 1: To 0.2V on Red and Blue outputs, to 0.45V on Green output. 
2: To within Va LSB of final value. 

3: Capacitive load on DAC output of 10pF maximum. 


PIN DESCRIPTION 


Pin Name 

Pin Number 

Description 

ADO-ADI2 

1-12 

Microprocessor Address/Data. The 8 bits of RAM address and the 2 bits of overlay address 
are latched into the IM2110 when ALE is High. The 8-bit or 12-bit data is then written into the 
RAM and the overlay registers or read from them, depending on the state of WR and RD. 

Q. 

1 

o 

Q. 

32-39 

Pixel address. The address on these pins is latched on the first rising edge of the clock and 
decoded to select one of 256 colors stored in the color lookup table. 
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PIN DESCRIPTION (Continued) 


Pin Name 


CLK 


CS 


ALE 


WR 


RD 


TEST 


OVO, 0V1 


VSYNC, HSYNC 


BLANK 


BRIGHT 


llREF 


BIAS 


R. G,B 


Vdd 


Vaa 


GND 


Pin Number 


13 


14 


15 


16 


17 


18 


19, 20 


21,22 


23 


24 


26 


31 


29, 27, 30 


40 


28 


25 


Description 


Pixel clock. Latches P0-P7, OVO, 0V1, HSYNC, VSYNC, BLANK and BRIGHT. Transfers 
address information from the input latches to the RAM decoder, and transfers RAM data 
from the DAC registers to the DAC inputs. Two clock transitions plus the DAC settling time 
are required from data address input to a valid output. 


Chip select for microprocessor interface (active low). CS is latched on the falling edge of 
ALE. When CS Is low, the microprocessor port Is enabled, and the DAC outputs go to the 
reference black level. (However, if the HYSNC, VSYNC or BLANK signals are applied, the 
DAC outputs are set to those respective levels). 


Address Latch Enable. Latches ADO-AD9 inputs Into address registers when High, and the 
state of CS into the CS register on the falling edge. Used as the “AS” control with a 
Motorola microprocessor. 


Write. Logic “0” selects Write operation. Used as the “READ/WRITE” pin with a Motorola 
microprocessor. _ 


Read. Logic “0” selects Read operation onto the microprocessor bus, for manufacturer’s 
testing purposes only. Used as the “ENABLE” or “DATA STROBE” control with a Motorola 
microprocessor. 


Test. Logic “0” enables operation in test mode. Used for manufacturer’s testing purposes 
only. This pin should always be tied to Vdd- 


Overlay select. Enable and select one of the three overlay registers for Video Read. When 
accessing the overlay registers, P0-P7 are Ignored. 


0V1 

OVO 


0 

0 

Color Table RAM 

0 

1 

Overlay Register 1 

1 

0 

Overlay Register 2 

1 

1 

Overlay Register 3 


Green Vertical and Horizontal Sync. These two signals are exclusive-ORed inside the chip, 
to produce a composite SYNC signal. 

SYNC resets all DAC registers and forces all outputs to OV. 

These inputs have priority over data inputs from the RAM and the overlay registers. 


DAC Blanking. Logic “1 ” resets all DAC registers. Red and Blue outputs fall to OV, Green 
output falls to 286 mV (blanking levels). This input has priority over data inputs from the 
RAM and the overlay registers. _ 


10% Bright. Logic “0” turns on an additional current source in each DAC. This produces an 
overbright pixel when a “White” input (all 1 ’s) is applied to the DAC inputs. 


Reference Current. A resistor is connected from this pin to Ground in order to set a 1 LSB 
current. The nominal voltage output at this pin is 1.2V, and the nominal value of the resistor 
should be 105011 for a 37.511 output termination. 


Internal current source bias is provided with a temperature compensated reference. This 
pin is used for compensating the Bias line. 0.1 jaF and 0.01 jaF capacitors are normally 
connected in parallel from this pin to Vaa- _ 


Red, Green, and Blue Current Outputs. These analog outputs are intended to drive a 
minimum load of 37.511. If terminated with a 7511 resistor and a coaxial cable with 7511 
Impedance, reflection is minimized by matched termination of the cable. The full scale 
current needed at these outputs Is adjusted with the resistor at I ref-_ 


Digital 5V positive supply. 


Analog 5V positive supply, providing the high DAC output current. Vaa = Vdd- 


Digital and analog ground. 
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FUNCTIONAL DESCRIPTION 
Microprocessor Interface 

As illustrated in the functional diagram, the IM2110 has a 
256 X 12 RAM and three 12-bit overlay registers. The MPU 
bus interface allows the writing of data into the RAM and 
the overlay registers, and operates asynchronously with the 
video data. 

The device can be addressed either through the 12-blt 
microprocessor interface for writing data, or through the 8- 
bit video interface for transferring data to the video outputs. 
The microprocessor port Is selected when Chip Select is 
active, and the video port is selected otherwise. 

An 8-bit status register must be written to first, after pow¬ 
er is applied to the part, in order to set an “8-bit” or a “12- 
bit” mode. Depending on the value stored at bit DO In this 
register, data to the RAM and the overlay registers will be 
written 8 or 12 bits at a time. See Table for address map¬ 
ping. 

The lowest four data bits (D0-D3) contain the Red inten¬ 
sity information, the next four bits (D4-D7) contain the Blue 
intensity information, and the highest four bits (D8-D11) 
contain the Green intensity information. 


When writing to the IM2110, the state of CS and the ad¬ 
dress are latched on the falling edge of ALE. Data is then 
transferred when WR is low. 

An Intel microprocessor may be used as described 
above. A Motorola microprocessor may be used by taking 
into account the following pin correspondence (see timing 
diagrams, Figure 3 and Figure 4); 


Intel 

Motorola 

ALE 

RD 

Wr 

AS 

Eor DS 

R/W 


While the microprocessor port is selected, all the DAC 
outputs are set to the reference ‘Black’ level, unless the 
‘BLANK’, ‘VSYNC’ or ‘HSYNC’ signals are applied. 

The content of the RAM (but not of the overlay registers) 
can be read back onto the AD bus, 12 bits at a time. This 
feature is used primarily for testing the part. The timing dia¬ 
gram and the specifications for this Read function are sup¬ 
plied for information purposes only. Note that in this mode 
the video clock must be operating at a frequency at least 
double that of ALE. (See Figure 5.) 
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FUNCTIONAL DESCRIPTION (Continued) 





Figure 5: Microprocessor Read (Timing Test) 


ADDRESS MAP 


Tabie 1 


Address 

(AD 0 -AD 9 ) 

12-Bit Mode 

8 -Bit Mode 

Location 

Data 

Location 

Data 

OOOh 

ram 0 

D0-D11 

ram 0 

D0-D7 

001 h 

ram 1 

D0-D11 

ram 1 

D0-D7 

002 h 

ram 2 

D0-D11 

ram 2 

D0-D7 

003h 

ram 3 

D0-D11 

ram 3 

D0-D7 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

OFEh 

ram 254 

D0-D11 

ram 254 

D0-D7 

OFFh 

ram 255 

DO-Dll 

ram 255 

D0-D7 

lOOh 

ram 0 

D0-D11 

ram 0 

D8-D11 

lOlh 

ram 1 

D0-D11 

ram 1 

D8-D11 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

IFEh 

ram 254 

D0-D11 

ram 254 

D8-D11 

IFFh 

ram 255 

D0-D11 

ram 255 

D8-D11 

201 h 

oviy 1 

D0-D11 

oviy 1 

D0-D7 

202 h 

oviy 2 

D0-D11 

oviy 2 

D0-D7 

203h 

ovIy 3 

D0-D11 

oviy 3 

D0-D7 

301 h 

oviy 1 

D0-D11 

oviy 1 

D8-D11 

302h 

oviy 2 

D0-D11 

oviy 2 

D8-D11 

303h 

oviy 3 

D0-D11 

oviy 3 

D8-D11 

3FFh 

status register 

D0-D7 

status register 

D0-D7 

other locations 

unused 


unused 



Status register: DO = 1: 12 bit mode. DO = 0: 8 bit mode. All other bits unused. When an address is loaded, the levels on 
AD10-AD11 are indifferent. In the 8-bit mode, the data for D0-D7 must be present on AD0-AD7, and the data for Ds-D-n on 
AD0-AD3. The levels on the other AD pins are indifferent. 
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FUNCTIONAL DESCRIPTION (Continued) 
Color Lookup Table 

As illustrated in Figure 6 , 8 bits of lookup table address 
and 2 bits of overlay address are latched into the address 
registers on the rising edge of the clock. On the following 
rising edge, the 12 bits of color information are latched into 
the DAC registers, decoded, and used to turn on or off the 
DAC current sources. If OVO or 0V1 is High, the information 
in the overlay registers overrides the pixel data on P0-P7. 
The overlay registers allow the use of additional bit planes 
in the frame buffers and may be controlled by external char¬ 
acter, cursor or grid logic. 



Bright, Blank, Sync 

These inputs are also sampled on the rising edge of the 
clock, and internally pipelined to maintain synchronization 
with the data (see Table 3). 

When BRIGHT is active, the intensity of the color ad¬ 
dressed in the RAM or the overlay registers is increased by 
a value of 10% of the Reference White level. 


Table 2 



Green 

Red, Biue 

(mV) 

(mA) 

(mV) 

(mA) 

Peak White 

1071 

28.56 

785 

20.93 

Reference White 

1000 

26.67 

714 

19.04 

Reference Black 

357 

9.52 

71 

1.89 

Blanking 

286 

7.62 

0 

0 

Synch 

0 

0 

0 

0 



Figure 7: Video Output Levels 
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TRUTH TABLE 

Table 3. Voltage and Current Output with Standard Setup 
_(adjusted for Green Reference White level = 1000 mV, 37.5n load on outputs) 


BRIGHT 

BLANK 

HSYNC 

VSYNC 

OVO 

0V1 

P0-P7 

Data 

Level 

0 

0 

0 

0 

0 

0 

addr 

255 

peak white 

1 

0 

0 

0 

0 

0 

addr 

255 

ref white 







• 

• 

• 







• 

• 

• 







• 

• 

• 

1 

0 

0 

0 

0 

0 

addr 

0 

ref black 

1 

0 

0 

0 

1 

0 

X 

(oviyi) 


1 

0 

0 

0 

0 

1 

X 

(ovly2) 


1 

0 

0 

0 

1 

1 

X 

(ovly3) 


X 

1 

0 

0 

X 

X 

X 

X 

blank 

X 

X 

1 

1 

X 

X 

X 

X 

blank 

X 

X 

0 

1 

X 

X 

X 

X 

sync 

X 

X 

1 

0 

X 

X 

X 

X 

sync 


Voltage Reference 

The internal band gap reference provides a temperature 
compensated voltage bias to ail three DAC’s. Full scale out¬ 
put current is set by using the reference and an external 
resistor. The reference voltage at Iref divided by the resist¬ 
ance from Iref to GND is equal to a nominal one LSB of 
DAC current. An Rset resistor consisting of a 500fl fixed 
resistor in series with a 1 kd variable resistor should be 
used to adjust the full scale output voltage for a doubly-ter¬ 
minated 75ft system. This adjustment eliminates any gain 
error and its range is wide enough to guarantee 1V peak-to- 
peak Green output (Sync tip to Reference White level). Se¬ 
lection of Rset for RS343A output is made by using the 
equation: 


„ Vref X R (load) 
' 42.86 mV 


(42.86 mV = 1 LSB) 


With a nominal 1.2V reference voltage, Rset will be 
1050ft for a 37.5ft (doubly terminated) system and 2100ft 
for a 75ft system. Matching the temperature coefficients of 
Rset and the load resistors will provide a system with an 
output voltage temperature coefficient of typically 
200 ppm/“C. 

The internal voltage generated for current source bias is 
present at the BIAS pin. 0.1 jutF and 0.01 jaF capacitors are 
connected in parallel from BIAS to VAA. 


D/A CONVERTERS 

Each DAC consists of 15 equal-weight current sources 
providing the gray scale output. This configuration guaran¬ 
tees monotonicity, reduces glitch energy, and ensures high 
integral and differential linearity. In addition, SETUP and 
BRIGHT current sources are included for RS343A output 
and cursor display options. The Green DAC has an addition¬ 
al SYNC current source, for RS343A compatibility. 


The 12 bits of color information. In combination with the 
SYNC, BLANK or BRIGHT selected at the time of address 
Input, are used to form the composite output current. This 
current, through output loads from 37.5ft to 75ft, provides 
the 1 Vp-p RS343A output voltage. 

An on-chip temperature-compensated reference and ex¬ 
ternal resistor set the full scale output current of all three 
DAC’s. A current of one LSB (1.143 mA for 37.5ft output 
load) is sourced from IREF. Varying Rset adjusts the full 
scale output and LSB weight. 

Reference Adjustment Procedure 

A Reference White must be present at the DAC outputs. 
The Rset resistor at Iref can then be adjusted to precisely 
set this output voltage. The following procedure may be 
used: 

1) Write all 1’s to Overlay register 1. The video clock need 
not be active. 

2) Transfer the data into the DAC registers by moving the 

video clock from Low to High at least twice, while main¬ 
taining the following levels on the video input pins: 
P0-P7 X 

OVO 1 

0V1 0 

BRIGHT 1 

BLANK 0 

VSYNC 0 

HSYNC 0 

3) Measure the voltage at the Green output, and adjust the 
resistor value at IREF until that voltage is 1 .OOOV. 
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PC BOARD LAYOUT CONSIDERATIONS 



R1: 500ft metal film resistor 
R2:1 kft cermet potentiometer 

C1, C2, C3: 0.1 ju,F and 0.01 jixF monolithic ceramic capacitors in parallel 
R3, R4, R5: 75ft 1 % metal film resistor 
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— Power Supply 
Supervisory 


ICL7660.5-1 

ICL7660S.5-10 

ICL7662.5-20 

ICL7663.5-28 

ICL7663S.5-37 

ICL7665.5-44 

ICL7665S.5-53 

ICL7667.5-63 

ICL7673.5-71 

ICL7675.5-79 

ICL7676.5-79 

ICL7677.5-89 

ICL7680.5-101 

ICL8211.5-103 

ICL8212.5-103 
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CMOS Voltage Converter 



GENERAL DESCRIPTION 


FEATURES 


The Intersil ICL7660 is a monolithic CMOS power supply 
circuit which offers unique performance advantages over 
previously available devices. The ICL7660 performs supply 
voltage conversion from positive to negative for an input 
range of +1.5V to +10.OV, resulting in complementary out¬ 
put voltages of -1.5V to -10.0V. Only 2 non-critical exter¬ 
nal capacitors are needed for the charge pump and charge 
reservoir functions. The ICL7660 can also be connected to 
function as a voltage doubler and will generate output volt¬ 
ages up to + 18.6V with a +10V input. Note that an addi¬ 
tional diode is required for Vsupply > 6.5V. 

Contained on chip are a series DC power supply regula¬ 
tor, RC oscillator, voltage level translator, and four output 
power MOS switches. A unique logic element senses the 
most negative voltage in the device and ensures that the 
output N-channel switch source-substrate junctions are not 
forward biased. This assures latchup free operation. 

The oscillator, when unloaded, oscillates at a nominal fre¬ 
quency of 10kHz for an input supply voltage of 5.0 volts. 
This frequency can be lowered by the addition of an exter¬ 
nal capacitor to the “OSC” terminal, or the oscillator may 
be overdriven by an external clock. 

The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and Improve low voltage (LV) oper¬ 
ation. At medium to high voltages (+3.5 to +10.0 volts), 
the LV pin is left floating to prevent device latchup. 

An enhanced direct replacement for this part called 
ICL7660S will become available shortly and will be more 
appropriate for new designs. 


• Simple Conversion of + 5V Logic Supply to ± 5V 
Supplies 

• Simple Voltage Multiplication (VouT=(“) 

• 99.9% Typical Open Circuit Voltage Conversion 
Efficiency 

• 98% Typical Power Efficiency 

• Wide Operating Voltage Range 1.5V to 10.0V 

• Easy to Use — Requires Only 2 External 
Non-Critical Passive Components 

APPLICATIONS 

• On Board Negative Supply for Dynamic RAMs 

• Localized ja-Processor (8080 Type) Negative 
Supplies 

• Inexpensive Negative Supplies 

• Data Acquisition Systems 

ORDERING INFORMATION 


Part Number 

Temp. Range 

Package 

ICL7660CTV 

OMo +70*0 

TO-99 

ICL7660CBA 

0“Cto +70“C 

8 PIN SOIC 

ICL7660CPA 

0“ to +70^0 

8 PIN MINI DIP 

ICL7660MTV* 

-55“ to +125“C 

TO-99 


*Add /883B to part number if 883B processing is required. 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302063-004 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .10.5V 

LV and OSC Input Voltage 

(Notel) .-0.3V to (V± + 0.3V) for V+<5.5V 

(V+ -5.5V) to (V+ + 0.3V) for V+>5.5V 

Current into LV (Note 1) .20jULA for V+ >3.5V 

Output Short Duration (Vsupply^5.5V) .Continuous 

Power Dissipation (Note 2) 

ICL7660CTV . 500mW 

ICL7660CPA . 300mW 

ICL7660MTV . 500mW 


Operating Temperature Range 


ICL7660M .-55“Cto+125°C 

ICL7660C .0“Cto+70“C 

Storage Temperature Range.-65°Cto ^-ISO^C 

Lead Temperature 

(Soldering, lOsec) . 300°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: Functional Diagram 


OPERATING CHARACTERISTICS 

V+ = 5V, Ta=25“C, Cosc= 0. Test Circuit Figure 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

I + 

Supply Current 

R|_= oo 


170 

500 

jaA 

vs, 

Supply Voltage Range - Hi 
(Dx out of circuit) (Note 3) 

0“C^Ta^ 70"C, RL=10kfl, LVOpen 

3.0 


6.5 

V 

-55“C^Ta^ 125"C, RL=10ka, LV Open 

3.0 


5.0 

V 

vs, 

Supply Voltage Range - Lo 
(Dx out of circuit) 

MIN^Ta^MAX, RL=10kn, LV to GROUND 

1.5 


3.5 

V 

VJ2 

Supply Voltage Range - Hi 
(Dx in circuit) 

MIN^Ta^MAX, RL=10ka LVOpen 

3.0 


10.0 

V 

Vl'2 

Supply Voltage Range - Lo 
(Dx in circuit) 

MIN^Ta^MAX, RL=10kn, LV to GROUND 

1.5 


3.5 

V 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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OPERATING CHARACTERISTICS 

V + = 5V, Ta= 25°C, Cosc=0. Test Circuit Figure 3 (unless otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 



louT=20mA,TA=25“C 


55 

100 

n 



louT~20mA, 0 ®C:^Ta^ +70‘’C 



120 

n 



louT=20mA, -55 “C^Ta^ + 125"C (Note 3) 



150 

n 

Rout 

Output Source Resistance 

V+ =2V, louT=3mA. LV to GROUND 
0 ‘’C^Ta^+70"C 



300 

n 



V + = 2V. louT=3mA. LV to GROUND, 
-55°C^ + 125'’C, Dx in circuit (Note 3) 



400 

n 

fosc 

Oscillator Frequency 



10 


kHz 

PEf 

Power Efficiency 

RL=5kft 

95 

98 


% 

VOUT Ef 

Voltage Conversion Efficiency 

Rl= oo 

97 

99.9 


% 

Zosc 

Oscillator Impedance 

V+=2 Veits 


1.0 


Mn 



V = 5 Volts 


100 


kn 


Notes; 1. Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to “power up” of the ICL7660. 

2. Derate linearly above 50“C by 5.5mW/®C. 

3. ICL7660M only. 


TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) 


OPERATING VOLTAGE AS A 
FUNCTION OF TEMPERATURE 


11 , 

10 . 


> 6 . 

^ 5. 
a. 

Sa 


-55 -25 0 +25 +50 +75 +100+125 

TEMPERATURE (°C) 
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OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V+) 
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OUTPUT SOURCE RESISTANCE AS A 


350 



— 

lou 

— 

T“1 

— 

mA 



















150 

100 

50 

0 






V+ = 

+2V 

__ 










£=d 






1 



= 5V 



-50® -25° 0° +25°+50°+75°+100°+125° 
TEMPERATURE (°C) 
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s ICL7660 
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Q TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) (Continued) 


POWER CONVERSION EFFICIENCY 
AS A FUNCTION OF OSC. 
FREQUENCY 


liBsaiaiHiiiB 

|| ■■■■■I 

■■iiis 

1HIHIIHI 


1 ■■■liBSECQIIfiS 



P BIHIMiii 

■HIM 

<Hnni 

{■■mi 

mm 

■illH 




OSC. FREQUENCY fosc (Hz) 


FREQUENCY OF OSCILLATION AS 
A FUNCTION OF EXTERNAL 
OSC. CAPACITANCE 


illHIl 


IKillil 




100 1000 
Cose (pf) 


UNLOADED OSCILLATOR 
FREQUENCY 

AS A FUNCTION OF TEMPERATURE 

5“ 20i-1-1-1- 



-25 0 +25 +50 +75 +100 +125 

TEMPERATURE (“C) 


OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 



10 20 30 40 50 60 70 

LOAD CURRENT iL(mA) 


SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
FUNCTION OF LOAD CURRENT 





~ 


LZ 



z: 

7^ 

Hi 




HI 



n 


Hi 


y 

’’ 


H 


\/ 


HliH 

Hi 






ZI 







Ta 

v+ = 

= +5V ^ 




-Z... IZ 


« OAD CURRENT II (mA) 


OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 



0 1 2 3 4 5 6 7 

LOAD CURRENT II (mA) 


SUPPLY CURRENT & POWER CONVERSION EFFICIENCY 
AS A FUNCTION OF LOAD CURRENT 

#100f—-P--1-1- - - - -120.0 (o 


-Ta = +25'>C 

V+ = +2.0V 


NOTE 4. These curves include in the supply current that current fed directly 
into the load Rl from V+ (see Figure 3). Thus, approximately half the supply 
current goes directly to the positive side of the load, and the other half, 
through the ICL7660, to the negative side of the load. Ideally, Vqut - 2 V|n, 
Is = 2 II, so V|n *18 — Vqut • II- 


1.5 3.0 4.5 6.0 7.5 

LOAD CURRENT II (mA) 
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NOTES: 1. For large values of Cqsc (>1000pF) the values of Ci 
and C 2 should be increased to ^00|xF. 

2. Dx is required for supply voltages greater than 6.5V @ 
-SS’C^Ta^+ 70'’C: refer to performance curves for 
additional information. 

Figure 3: ICL7660 Test Circuit 


DETAILED DESCRIPTION 

The ICL7660 contains all the necessary circuitry to com¬ 
plete a negative voltage converter, with the exception of 2 
external capacitors which may be inexpensive lOjuiF polar¬ 
ized electrolytic types. The mode of operation of the device 
may be best understood by considering Figure 4, which 
shows an idealized negative voltage converter. Capacitor 
Ci is charged to a voltage, V+, for the half cycle when 
switches Si and S 3 are closed. (Note: Switches S 2 and S 4 
are open during this half cycle.) During the second half cy¬ 
cle of operation, switches S 2 and S 4 are closed, with S-\ and 
S 3 open, thereby shifting capacitor C-j negatively by V+ 
volts. Charge is then transferred from Ci to C 2 such that the 
voltage on C 2 is exactly V+, assuming ideal switches and 
no load on C 2 . The ICL7660 approaches this ideal situation 
more closely than existing non-mechanical circuits. 

In the ICL7660, the 4 switches of Figure 4 are MOS pow¬ 
er switches; S-j is a P-channel device and S 2 , S 3 & S 4 are 
N-channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S 3 & S 4 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” resist¬ 
ances. In addition, at circuit startup, and under output short 
circuit conditions (Vout=V+), the output voltage must be 
sensed and the substrate bias adjusted accordingly. Failure 
to accomplish this would result in high power losses and 
probable device latchup. 

This problem is eliminated in the ICL7660 by a logic net¬ 
work which senses the output voltage (Vqut) together with 
the level translators, and switches the substrates of S 3 & S 4 
to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the ICL7660 is an integral 
part of the anti-latchup circuitry, however its inherent volt¬ 
age drop can degrade operation at low voltages. Therefore, 
to improve low voltage operation the “LV” pin should be 
connected to GROUND, disabling the regulator. For supply 
voltages greater than 3.5 volts the LV terminal must be left 
open to insure latchup proof operation, and prevent device 
damage. 


S2^ 


Cl — 

I 

I 

S3 


l _L ° 4^ 

I C2ZIZ 

^ T ... 

Figure 4: idealize 
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sd Negative Voitage Converter 


THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory a voltage converter can approach 100% effi¬ 
ciency if certain conditions are met: 

A The drive circuitry consumes minimal power. 

B The output switches have extremely low ON resist¬ 
ance and virtually no offset. 

C The impedances of the pump and reservoir capaci¬ 
tors are negligible at the pump frequency. 

The ICL7660 approaches these conditions for negative 
voltage conversion if large values of Ci and C 2 are used. 

ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 

E = y2Ci (Vi2-V22) 

where Vi and V 2 are the voltages on Ci during the pump 
and transfer cycles. If the impedances of Ci and C 2 are 
relatively high at the pump frequency (refer to Figure 4) 
compared to the value of Ri_, there will be a substantial 
difference in the voltages Vi and V 2 . Therefore it is not only 
desirable to make C 2 as large as possible to eliminate out¬ 
put voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO’S AND DON’TS 

1 . Do not exceed maximum supply voltages. 

2. Do not connect LV terminal to GROUND for supply 
voltages greater than 3.5 volts. 

3. Do not short circuit the output to V + supply for sup¬ 
ply voltages above 5.5 volts for extended periods, 
however, transient conditions including startup are 
okay. 

4. When using polarized capacitors, the + terminal of 
Ci must be connected to pin 2 of the ICL7660 and 
the + terminal of C 2 must be connected to 
GROUND. 

5. Add diode Dx as shown in Figure 3 for high-voltage, 
elevated temperature applications. 

6 . Add capacitor (~ 0.1 jaF, disc) from pin 8 to ground 
to limit rate of rise of input voltage to approximately 
2V//AS. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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*N0TE: 1. VouT = - FOR 
1.5V < V+ < 6.5V 
2. VouT = -(V+-VFDX) 
FOR 6.5 < V+ < 10.0V 


Figure 5: Simple Negative Converter 




Figure 7: Cascading Devices for increased Output Voltage 
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CONSIDERATIONS FOR HIGH 
VOLTAGE & ELEVATED 
TEMPERATURE 

The ICL7660 will operate efficiently over its specified tem¬ 
perature range with only 2 external passive components 
(storage & pump capacitors), provided the operating supply 
voltage does not exceed 6.5 volts at + 70°C and 5.0 volts at 
+125°C. Exceeding these maximums at the temperatures 
indicated may result in destructive latchup of the ICL7660. 
(Ref: Graph “Operating Voltage Vs. Temperature”) 

Operation at supply voltages of up to 10.0 volts over the 
full temperature range without danger of latchup can be 
achieved by adding a general purpose diode in series with 
the ICL7660 output, as shown by “Dx” in the circuit dia¬ 
grams. The effect of this diode on overall circuit perform¬ 
ance is the reduction of output voltage by one diode drop 
(approximately 0.6 volts). 

TYPICAL APPLICATIONS 
Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7660 for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of +1.5V to +10.0 volts is avail¬ 
able. Keep in mind that pin 6 (LV) is tied to the supply nega¬ 
tive (GND) for supply voltages below 3.5 volts, and that di¬ 
ode Dx must be included for proper operation at higher volt¬ 
ages and/or elevated temperatures. 

The output characteristics of the circuit in Figure 5 are 
those of a nearly ideal voltage source in series with 55 
ohms. Thus for a load current of -10mA and a supply volt¬ 
age of +5 volts, the output voltage will be -4.3 volts. The 
dynamic output impedance due to the capacitor impedanc¬ 
es is approximately 1 /wC, where: 

C = C-| = C2 


which gives ——= 
a)C 


_ 1 _ 

Stt fpuMP^IO""^ 


= 3 ohms 


for C = 10ju,F and fpuMP = 5kHz (Va of oscillator frequency) 

Paralleling Devices 

Any number of ICL7660 voltage converters may be paral¬ 
leled to reduce output resistance. The reservoir capacitor, 
C 2 , serves all devices while each device requires its own 
pump capacitor, Ci. The resultant output resistance would 
be approximately: 


Rqut (of ICL7660) 
n (number of devices) 

Cascading Devices 

The ICL7660 may be cascaded as shown to produce larg¬ 
er negative multiplication of the initial supply voltage. How¬ 
ever, due to the finite efficiency of each device, the practical 
limit is 10 devices for light loads. The output voltage is de¬ 
fined by: 

VouT=-n(V|N), 


where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx¬ 
imately the weighted sum of the individual ICL7660 Rqut 
values. 

Changing the ICL7660 Oscillator 
Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter¬ 
nal clock, as shown in Figure 8. In order to prevent possible 
device latchup, a 100kl7 resistor must be used in series with 
the clock output. In a situation where the designer has gen¬ 
erated the external clock frequency using TTL logic, the ad¬ 
dition of a 10kft pullup resistor to V+ supply is required. 
Note that the pump frequency with external clocking, as 
with internal clocking, will be Va of the clock frequency. Out¬ 
put transitions occur on the positive-going edge of the 
clock. 



It is also possible to increase the conversion efficiency of 
the ICL7660 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 9. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (Ci) and reservoir (C 2 ) capacitors; this is overcome 
by increasing the values of C-i and C 2 by the same factor 
that the frequency has been reduced. For example, the ad¬ 
dition of a 10OpF capacitor between pin 7 (Osc) and V + will 
lower the oscillator frequency to 1 kHz from its nominal fre¬ 
quency of 10kHz (a multiple of 10), and thereby necessitate 
a corresponding increase in the value of Ci and C 2 (from 
10/jlF to IOOjliF). 


v+ 



Figure 9: Lowering Osciiiator Frequency 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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Positive Voitage Doubling 

The ICL7660 may be employed to achieve positive volt¬ 
age doubling using the circuit shown in Figure 10. In this 
application, the pump inverter switches of the ICL7660 are 
used to charge Ci to a voltage level of V+ -Vp (where V+ 
is the supply voltage and Vp is the forward voltage drop of 
diode Di). On the transfer cycle, the voltage on Ci plus the 
supply voltage (V+) is applied through diode D 2 to capaci¬ 
tor C 2 . The voltage thus created on C 2 becomes 
(2V+)-(2Vp) or twice the supply voltage minus the com¬ 
bined forward voltage drops of diodes Di and D 2 . 

The source impedance of the output (Vqut) will depend 
on the output current, but for V + = 5 volts and an output 
current of 10mA it will be approximately 60 ohms. 

Combined Negative Voitage Conversion 
and Positive Suppiy Doubiing 

Figure 11 combines the functions shown in Figures 5 and 
10 to provide negative voltage conversion and positive volt¬ 
age doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts 
from an existing + 5 volt supply. In this instance capacitors 
Ci and C 3 perform the pump and reservoir functions re¬ 
spectively for the generation of the negative voltage, while 
capacitors C 2 and C 4 are pump and reservoir respectively 
for the doubled positive voltage. There is a penalty in this 
configuration which combines both functions, however, in 
that the source impedances of the generated supplies will 
be somewhat higher due to the finite impedance of the 
common charge pump driver at pin 2 of the device. 



The bidirectional characteristics can also be used to split 
a higher supply in half, as shown in Figure 12. The com¬ 
bined load will be evenly shared between the two sides. 
Because the switches share the load in parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 7, +15V can be con¬ 
verted (via +7.5, and -7.5) to a nominal -15V, although 
with rather high series output resistance (~250n). 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
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NOTE: AH typical values have been characterized but are not tested. 
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Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7660 can 
be a problem, particularly if the load current varies substan¬ 
tially. The circuit of Figure 13 can be used to overcome this 
by controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con¬ 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7660’s output does not respond instantaneously to 
change in input, but only after the switching delay. The cir¬ 
cuit shown supplies enough delay to accommodate the 
7660, while maintaining adequate feedback. An Increase in 
pump and storage capacitors is desirable, and the values 
shown provides an output impedance of less than sn to a 
load of 10mA. 




OTHER APPLICATIONS 

Further information on the operation and use of the 
ICL7660 may be found in A051 “Principals and Applications 
of the ICL7660 CMOS Voltage Converter”. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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ICL7660S 

Super Voltage Converter 



GENERAL DESCRIPTION 

The ICL7660S Super Voltage Converter is a monolithic 
CMOS voltage conversion 1C that guarantees significant 
performance advantages over other similar devices. It is a 
direct replacement for the industry-standard ICL7660 offer¬ 
ing an extended operating supply voltage range up to 12V, 
tower supply current, and BSD protection exceeding 2000 
volts. No external diode is needed for the ICL7660S. In 
addition, a Frequency Boost pin has been incorporated to 
enable the user to achieve lower output impedance despite 
using smaller capacitors. All improvements are highlighted 
in bold italics in the Electrical Characteristics section. Crit¬ 
ical parameters are guaranteed over the entire com¬ 
mercial, industrial and military temperature ranges. 

The ICL7660S performs supply voltage conversion from 
positive to negative for an input range of 1.5V to 12V, result¬ 
ing in complementary output voltages of -1.5V to -12V. 
Only 2 non-critical external capacitors are needed for the 
charge pump and charge reservoir functions. The ICL7660S 
can be connected to function as a voltage doubler and will 
generate up to 22.8V with a 12V input. It can also be used 
as a voltage multiplier or voltage divider. 

The chip contains a series DC power supply regulator, RC 
oscillator, voltage level translator, and four output power 
MOS switches. The oscillator, when unloaded, oscillates at 
a nominal frequency of 10 kHz for an input supply voltage of 
5.0 volts. This frequency can be lowered by the addition of 
an external capacitor to the “OSC” terminal, or the oscilla¬ 
tor may be over-driven by an external clock. 

The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) oper¬ 
ation. At medium to high voltages (3.5V to 12V), the LV pin 
is left floating to prevent device latchup. 


FEATURES 

• Guaranteed Lower Max Supply Current for AH 
Temperature Ranges 

• Guaranteed Wider Operating Voltage Range 
—1.5V to 12V 

• No External Diode Over Full Temperature and 
Voltage Range 

• Boost Pin (Pin 1) for Higher Switching Frequency 

• Guaranteed Minimum Power Efficiency of 96% 

• improved Minimum Open Circuit Voltage Conversion 
Efficiency of 99% 

• Enhanced ESD Protection > 2000V 

• improved SCR Latchup Protection 

• Simpie Conversion of + 5V Logic Supply to ± 5V 
Supplies 

• Simple Voltage Multiplication VouT=(“)nV|N 

• Easy to Use—Requires Only 2 External 
Non-Critical Passive Components 

• improved Direct Replacement for Industry-Standard 
ICL7660 and Other Second-Source Devices 

APPLICATIONS 

• Simpie Conversion of + 5V to ± 5V Supplies 

• Voitage Multiplication Vqut = nV|N 

• Negative Suppiies for Data Acquisition Systems & 
instrumentation 

• RS232 Power Supplies 

• Supply Splitter, Vqut = ±Vs/2 

ORDERING INFORMATION 


Part Number 

Temp. Range 

Package 

ICL7660SCBA 

O'Cto +70'’C 

8 -Pin SOlO 

ICL7660SCPA 

0"Cto +70‘’C 

8 -Pin Minidip 

ICL7660SIBA 

0°Cto +70"C 

8 -Pin SOlO 

ICL7660SCTV 

O^Cto +70‘’C 

TO-99 

ICL7660SIPA 

-25'’Cto +85‘’C 

8 -Pin Minidip 

ICL7660SITV 

-25*010 +85*0 

TO-99 

1CL7660SMTV* 

-55*0 to +125*0 

TO-99 


*Add /883B to part number if 883B processing is required. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 3021 63-002 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage .13.0V 

LV and OSC Input Voltage 

(Notel).-0.3V to (V+ + 0.3V) for V+<5.5V 

.(V+ - 5.5V) to (V+ + 0.3V) for V+>5.5V 

Current into LV (Note 1).20 jaA for V+ > 3.5V 

Output Short Duration (Vsupply ^ 5.5V).Continuous 


Power Dissipation (Note 2) 


ICL7660SCTV.500 mW 

ICL7660SCPA .300 mW 

ICL7660SCBA.300 mW 

ICL7660SITV.500 mW 

ICL7660SIPA.300 mW 

ICL7660SIBA.300 mW 

ICL7660SMTV.500 mW 


Operating Temperature Range 


ICL7660SM.- 55"C to +125^0 

ICL7660SI.-25“C to +85“C 

ICL7660SC.0°Cto +70'*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


Storage Temperature Range.-65‘’C to +150‘’C 

Lead Temperature 

(Soldering, 10 sec).300°C 


BOOST 



Figure 2: Functional Diagram 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ELECTRICAL CHARACTERISTICS 

V+ = 5V, Ta = 25'’C, OSC = Free running, Test Circuit Figure 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 


Min 

Typ 

Max 





/+ 

Supply Current 

Rl=<^,25‘‘C 


80 

160 



(Note 3) 

0“C < Ta < +70“C 



180 

juiA 



-25*C < Ta < +85*0 



180 



-55*0 <Ta< +125*0 



200 


!/+ 

Supply Voltage Range^H! 

RL=10K,LVOpen 

3.0 





(Note 4) 

Tmin Ta < T^ax 



K 

Supply Voltage Range—Lo 

Rl= 10K,LV to GROUND 

Tmin ^ Ta < T^ax 

1.5 

■ 



f^OUT 

Output Source 

Iqut ~ 20 mA, Ta = 25*0 






Resistance 

louT = 20 mA, 0*0 < Ta < +70*0 







louT = 20 mA, -25*0 < Ta < +85*0 







louT = 20 mA, -55*0 < Ta < +125*0 



150 




louT = 3 mA, V+ = 2V, LV = GND, 

0*0 < Ta < +70*0 



250 

n 



louT = 3 mA, V+ = 2V, LV = GND, 
-25*0 < Ta < +85*0 



300 




louT = 3 mA, V+ = 2V, LV = GND, 
-55*0 <Ta< +125*0 


■ 

400 


fosc 

Oscillator Frequency 

Cose = 0, Pin 1 Open or GND 

5 

10 


kHz 



Pin 1 = V+ 


35 


PEff 

Power Efficiency 

Rl = 5 kn 

96 

98 


% 



Tmin Ta < T^gx 

95 

97 


yOUT^ff 

Voltage Conversion 
Efficiency 

R|_ = oo 

99 

99.9 


% 

Zosc 

Oscillator Impedance 

v+ = 2V 


1 


Mn 



V+ = 5V 


100 


kn 


NOTE 1: Connecting any terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to “power up’’ of ICL7660S. 

2: Derate linearly above 50“C by 5.5 mW/'C. 

3: In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually a very small but 
finite stray capacitance present, of the order of 5 pF. 

4: The Intersil ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in existing designs 
which incorporate an external diode with no degradation in overall circuit performance. 

5: All significant improvements over the industry-standard ICL7660 are highlighted in bold Italics. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) 


OPERATING VOLTAGE AS A 
FUNCTION OF TEMPERATURE 


OUTPUT SOURCE RESISTANCE AS A OUTPUT SOURCE RESISTANCE AS A 

FUNCTION OF SUPPLY VOLTAGE FUNCTION OF TEMPERATURE 


t 



a. 

Q. 

3 

(A 



-55 -25 0 25 50 100 125 

TEMPERATURE(®C) — 




0 2 4 6 8 10 12 

SUPPLY VOLTAGE (V) 

0088-6 


POWER CONVERSION EFFICIENCY 
AS A FUNCTION OF OSC. 
FREQUENCY 


FREQUENCY OF OSCILLATION AS 
A FUNCTION OF EXTERNAL 
OSC. CAPACITANCE 


UNLOADED OSCILLATOR 
FREQUENCY 

AS A FUNCTION OF TEMPERATURE 



OSC FREQUENCY FqscCHz) 

0088-8 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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N 


TYPICAL PERFORMANCE CHARACTERISTICS 


^Dimi^DiL 

(Circuit of Figure 3) (Continued) 


SUPPLY CURRENT & POWER 

OUTPUT VOLTAGE AS A CONVERSION EFFICIENCY AS A 

FUNCTION OF OUTPUT CURRENT FUNCTION OF LOAD CURRENT 


OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 



LOAD CURRENT (mA)-^ 
0088-11 


t 



LOAD CURRENT (mA) 

0088-12 



Z) 

3 

o 



0 123456789 

LOAD CURRENT (mA) 

0088-13 


SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
FUNCTION OF LOAD CURRENT 


OUTPUT SOURCE RESISTANCE 
AS A FUNCTION OF 
OSCILLATOR FREQUENCY 



NOTE 4: These curves include in the supply current that current fed directly into the load Rl from V+ (see Figure 3). Thus, approximately half the supply current 
goes directly to the positive side of the load, and the other half, through the ICL7660S, to the negative side of the load, ideally, Vqut — 2 V|n, 1$ = 2 II, 
so V|N • Is = Vqut • II- 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 

The ICL7660S contains all the necessary circuitry to com¬ 
plete a negative voltage converter, with the exception of 2 
external capacitors which may be inexpensive lOjitF polar¬ 
ized electrolytic types. The mode of operation of the device 
may be best understood by considering Figure 4, which 
shows an idealized negative voltage converter. Capacitor 
Ci is charged to a voltage, V+, for the half cycle when 
switches Si and S 3 are closed. (Note: Switches S 2 and S 4 
are open during this half cycle.) During the second half cy¬ 
cle of operation, switches S 2 and S 4 are closed, with Si and 
S 3 open, thereby shifting capacitor Ci negatively by V+ 
volts. Charge is then transferred from Ci to C 2 such that the 
voltage on C 2 is exactly V+, assuming ideal switches and 
no load on C 2 . The ICL7660S approaches this ideal situa¬ 
tion more closely than existing non-mechanical circuits. 

In the ICL7660S, the 4 switches of Figure 4 are MOS 
power switches; Si is a P-channel device and S 2 , S 3 & S 4 
are N-channel devices. The main difficulty with this ap¬ 
proach is that in integrating the switches, the substrates of 
S 3 & S 4 must always remain reverse biased with respect to 
their sources, but not so much as to degrade their “ON” 
resistances. In addition, at circuit startup, and under output 
short circuit conditions (VouT=V+), the output voltage 
must be sensed and the substrate bias adjusted according¬ 
ly. Failure to accomplish this would result in high power 
losses and probable device latchup. 

This problem is eliminated in the ICL7660S by a logic net¬ 
work which senses the output voltage (Vout) together with 
the level translators, and switches the substrates of S 3 & S 4 
to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the iCL7660S is an inte¬ 
gral part of the anti-latchup circuitry, however its inherent 
voltage drop can degrade operation at low voltages. There¬ 
fore, to improve low voltage operation the “LV” pin should 
be connected to GROUND, disabling the regulator. For sup¬ 
ply voltages greater than 3.5 volts the LV terminal must be 
left open to insure latchup proof operation, and prevent de¬ 
vice damage. 



S^ 

S2^ 



’'IN 0——— 

1 

1 

1 , 




* 1 

1 

1 

S3 1 

1 

1 

1 C2 

1 

X. 

-o Vout 


mn- 




= -V|N 


Figure 4: Idealized Negative Voltage Converter 


THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory a voltage converter can approach 100% effi¬ 
ciency if certain conditions are met: 

A The drive circuitry consumes minimal power. 

B The output switches have extremely low ON resist¬ 
ance and virtually no offset. 

C The impedances of the pump and reservoir capaci¬ 
tors are negligible at the pump frequency. 

The ICL7660S approaches these conditions for negative 
voltage conversion if large values of C-i and C 2 are used. 

ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 

E = y2Ci (Vi2-V22) 

where Vi and V 2 are the voltages on Ci during the pump 
and transfer cycles. If the impedances of Ci and C 2 are 
relatively high at the pump frequency (refer to Figure 4) 
compared to the value of Rl, there will be a substantial 
difference in the voltages Vi and V 2 . Therefore it is not only 
desirable to make C 2 as large as possible to eliminate out¬ 
put voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO’S AND DON’TS 

1 . Do not exceed maximum supply voltages. 

2. Do not connect LV terminal to GROUND for supply volt¬ 
ages greater than 3.5 volts. 

3. Do not short circuit the output to V+ supply for supply 
voltages above 5.5 volts for extended periods, however, 
transient conditions including startup are okay. 

4. When using polarized capacitors, the + terminal of Ci 
must be connected to pin 2 of the ICL7660S and the + 
terminal of C 2 must be connected to GROUND. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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TYPICAL APPLICATIONS 
Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7660S for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of +1.5V to +12V is available. 
Keep in mind that pin 6 (LV) is tied to the supply negative 
(GND) for supply voltages below 3.5 volts. 

The output characteristics of the circuit in Figure 5 are 
those of a nearly ideal voltage source in series with 55 
ohms. Thus for a load current of -10mA and a supply volt¬ 
age of +5 volts, the output voltage will be -4.3 volts. The 
dynamic output impedance due to the capacitor impedanc¬ 
es is approximately 1 /wC, where: 

C = C-| = C 2 


which gives—= 
a)C 


_ 1 _ 

27r fpuMpXlO“5 


= 3 Ohms 


for C = lOjaF and fpuMP=5kHz (Va of oscillator frequency) 

Paralleling Devices 

Any number of ICL7660S voltage converters may be par¬ 
alleled to reduce output resistance. The reservoir capacitor, 
C 2 , serves all devices while each device requires its own 
pump capacitor, Ci. The resultant output resistance would 
be approximately: 


_ Rout (of ICI-7660S) 
n (number of devices) 

Cascading Devices 

The ICL7660S may be cascaded as shown to produce 
larger negative multiplication of the Initial supply voltage. 
However, due to the finite efficiency of each device, the 
practical limit is 10 devices for light loads. The output volt¬ 
age is defined by: 

VouT= -n (V|n), 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx¬ 
imately the weighted sum of the individual ICL7660S Rout 
values. 

Changing the ICL7660S Oscillator 
Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to alter the oscillator frequency. This 
can be achieved simply by one of several methods de¬ 
scribed below. 

By connecting the Boost Pin (Pin 1) to V+, the oscillator 
charge and discharge current is increased and, hence, the 
oscillator frequency is increased by approximately 3y2 
times. The result is a decrease in the output impedance and 
ripple. This is of major importance for surface-mount appli¬ 
cations where capacitor size and cost are critical. Smaller 
capacitors, e.g. 0.1 juF, can be used in conjunction with the 
Boost Pin in order to achieve similar output currents com¬ 
pared to the device free running with C-j = C 2 = 10 jaF or 
100 juF. (Refer to graph of Output Source Resistance as a 
Function of Oscillator Frequency). 


Increasing the oscillator frequency can also be achieved 
by overdriving the oscillator from an external clock, as 
shown in Figure 8. In order to prevent device latchup, a 
100 kn resistor must be used in series with the clock out¬ 
put. In a situation where the designer has generated the 
external clock frequency using TTL logic, the addition of a 
10 kft pullup resistor to V+ supply is required. Note that the 
pump frequency with external clocking, as with internal 
clocking, will be of the clock frequency. Output tran¬ 
sitions occur on the positive-going edge of the clock. 



It is also possible to increase the conversion efficiency of 
the ICL7660S at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 9. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (Ci) and reservoir (C 2 ) capacitors; this is overcome 
by increasing the values of Ci and C 2 by the same factor 
that the frequency has been reduced. For example, the ad¬ 
dition of a lOOpF capacitor between pin 7 (Osc) and V+ will 
lower the oscillator frequency to 1 kHz from its nominal fre¬ 
quency of 10kHz (a multiple of 10), and thereby necessitate 
a corresponding increase in the value of Ci and C 2 (from 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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Positive Voitage Doubiing 

The ICL7660S may be employed to achieve positive volt¬ 
age doubling using the circuit shown in Figure 10. In this 
application, the pump inverter switches of the ICL7660S are 
used to charge C-| to a voltage level of V + -Vp (where V+ 
is the supply voltage and Vp is the forward voltage drop of 
diode D-i). On the transfer cycle, the voltage on C-j plus the 
supply voltage (V+) is applied through diode D 2 to capaci¬ 
tor C 2 . The voltage thus created on C 2 becomes 
(2V+)-(2Vp) or twice the supply voltage minus the com¬ 
bined forward voltage drops of diodes Di and D 2 . 

The source impedance of the output (Vqut) will depend 
on the output current, but for V + =5 volts and an output 
current of 10mA it will be approximately 60 ohms. 

Combined Negative Voitage Conversion 
and Positive Suppiy Doubiing 

Figure 11 combines the functions shown in Figures 5 and 
10 to provide negative voltage conversion and positive volt¬ 
age doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and —5 volts 
from an existing +5 volt supply. In this instance capacitors 
Ci and C 3 perform the pump and reservoir functions re¬ 
spectively for the generation of the negative voltage, while 
capacitors C 2 and C 4 are pump and reservoir respectively 
for the doubled positive voltage. There is a penalty in this 
configuration which combines both functions, however, in 
that the source impedances of the generated supplies will 
be somewhat higher due to the finite impedance of the 
common charge pump driver at pin 2 of the device. 



Voltage Splitting 

The bidirectional characteristics can also be used to split 
a higher supply in half, as shown in Figure 12 . The com¬ 
bined load will be evenly shared between the two sides, and 
a high value resistor to the LV pin ensures start-up. Be¬ 
cause the switches share the load in parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 7, +15V can be con¬ 
verted (via +7.5, and -7.5) to a nominal -15V, although 
with rather high series output resistance (^^2500). 
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Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7660S 
can be a problem, particularly if the ioad current varies sub¬ 
stantially. The circuit of Figure 13 can be used to overcome 
this by controlling the input voltage, via an iCL7611 low- 
power CMOS op amp, in such a way as to maintain a nearly 
constant output voltage. Direct feedback is inadvisable, 
since the ICL7660S’s output does not respond instanta¬ 
neously to change in input, but only after the switching de¬ 
lay. The circuit shown supplies enough delay to accommo¬ 


date the 7660S, while maintaining adequate feedback. An 
increase in pump and storage capacitors is desirable, and 
the values shown provides an output impedance of less 
than 5fi to a load of 10mA. 

OTHER APPLICATIONS 

Further information on the operation and use of the 
ICL7660S may be found in A051 “Principals and Applica¬ 
tions of the iCL7660 CMOS Voltage Converter”. 



Figure 13: Regulating the Output Voltage 



Figure 14: RS232 Levels From A Single 5V Supply 
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ICL7662 

CMOS Voltage Converter 


GENERAL DESCRIPTION 

The Intersil ICL7662 is a monolithic high-voltage CMOS 
power supply circuit which offers unique performance ad¬ 
vantages over previously available devices. The ICL7662 
performs supply voltage conversion from positive to nega¬ 
tive for an input range of +4.5V to + 20.0V, resulting in 
complementary output voltages of -4.5V to -20V. Only 2 
non-critical external capacitors are needed for the charge 
pump and charge reservoir functions. The ICL7662 can also 
function as a voltage doubler, and will generate output volt¬ 
ages up to + 38.6V with a + 20V input. 

Contained on chip are a series DC power supply regula¬ 
tor, RC oscillator, voltage level translator, four output power 
MOS switches. A unique logic element senses the most 
negative voltage in the device and ensures that the output 
N-channel switch source-substrate junctions are not for¬ 
ward biased. This assures latchup free operation. 

The oscillator, when unloaded, oscillates at a nominal fre¬ 
quency of 10kHz for an input supply voltage of 15.0 volts. 
This frequency can be lowered by the addition of an exter¬ 
nal capacitor to the “CSC” terminal, or the oscillator may 
be overdriven by an external clock. 

The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) oper¬ 
ation. At medium to high voltages (+10 to +20V), the LV 
pin is left floating to prevent device latchup. 

ORDERING INFORMATION 


FEATURES 

• No External Diode Needed Over Entire Temperature 
Range 

• Pin Compatible With ICL7660 

• Simple Conversion of + 15V Supply to -15V Supply 

• Simple Voltage Multiplication (VouT=(~) ^Vin) 

• 99.9% Typical Open Circuit Voltage Conversion 
Efficiency 

• 96% Typicai Power Efficiency 

• Wide Operating Voitage Range 4.5V to 20.0V 

• Easy to Use — Requires Oniy 2 Externai Non-Criticai 
Passive Components 

APPLICATIONS 

• On Board Negative Suppiy for Dynamic RAMs 

• Locaiized jn-Processor (8080 Type) Negative 
Supplies 

• Inexpensive Negative Supplies 

• Data Acquisition Systems 

• Up to -20V for Op Amps 



CAP+[2 
GROUND [3 
CAP- IT 


♦Add /883B to Part Number for 883B Processing. 
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Figure 1: Pin Configurations 


RC 

OSCILLATOR 


VOLTAGE 

LEVEL 

TRANSLATOR 


INTERNAL 

VOLTAGE 

REGULATOR 



n n 

n o 

3 - 

T_ 

ir* 




1 LOGIC 

NETWORK 

J- 



Figure 2: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.22V 

Oscillator Input Voltage (Note 1). 

-0.3 V to (V+ + 0.3V) for V+< 10V 
(V+-10V)to(V+ + 0.3V) for V+> 10V 

Current into LV (Note 1).20 jliA for V + > 10V 

Output Short Duration .Continuous 


Power Dissipation (Note 2) 

ICL7662CTY . 500mW 

ICL7662CPA . 300mW 

ICL7662MTY . 500mW 

Lead Temperature (Soldering, lOsec) . 300®C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS V+ = 15V, Ta=25“C, Cosc= 0> unless otherwise stated. Test Circuit 
Figure 3. 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

V+L 

Supply Voltage Range-Lo 

RL=10kaLV = GND 

Min<TA<Max 

4.5 


11 

V 

V+H 

Supply Voltage Range-Hi 

RL=10kn, LV=Open 

Min<TA<Max 

9 


20 

V 

1 + 

Supply Current 

Rl= oo, LV=Open 

Ta=25“C 


.25 

.60 





0“C<Ta< + 70“C 


.30 

.85 

mA 




-55'’C<Ta< + 125“C 


.40 

1.0 


Ro 

Output Source Resistance 

lo=20mA, LV=Open 

Ta=25“C 


60 

100 





0'’C<Ta< + 70“C 


70 

120 

a 




-55“C<Ta< + 125‘’C 


90 

150 


1 + 

Supply Current 

V+=5V, 

Ta=25“C 


20 

150 




Rl=«>,LV=GND 

0‘’C<Ta<+70"C 


25 

200 

jllA 




-55'’C<Ta< + 125‘’C 


30 

250 


Ro 

Output Source Resistance 

V+=5V, 

Ta=25X 


125 

200 




lo=3mA,LV=GND 

0*C<Ta< + 70"C 


150 

250 

a 




-55‘’C<Ta< + 125"C 


200 

350 


Rose 

Oscillator Frequency 



10 


kHz 

Peff 

Power Efficiency 

RL = 2Kn 

Ta=25‘’C 

93 

96 


% 




Min<TA<Max 

90 

95 



VoEf 

Voltage Conversion Effic. 

R|_= oo 

Min<TA<Max 

97 

99.9 


% 

lose 

Oscillator Sink or Source 

V+=5V(Vosc=0Vto +5V) 


0.5 


/xA 


Current 

V+ = 15V(Voso=+5V1o +15V) 


4.0 



NOTES: 1. Connecting any terminal to voltages greater than V+ or less than ground may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to “power up” of the ICL7662. 

2. Derate linearly above 50*C by S-amW/'C. 

3. Pin 1 is a Test pin and is not connected in normal use. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT SOURCE RESISTANCE AS 
A FUNCTION OF SUPPLY VOLTAGE 
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(See Test Circuit of Figure 3) 

OUTPUT SOURCE RESISTANCE AS 
A FUNCTION OF SUPPLY VOLTAGE 


S 120 LV = GN 

S -4-H^ 


hLV = OPEN' 


5 6 7 8 9 10 11 12 13 14 15 


OUTPUT SOURCE RESISTANCE AS 
A FUNCTION OF TEMPERATURE 




POWER CONVERSION EFFICIENCY 
AND OUTPUT SOURCE RESISTANCE 
AS A FUNCTION OF OSCILLATOR 
FREQUENCY 


V+ = 5V\ 

^ 95 II = 3maII. 
^ Ta = +25«C . 



TEMPERATURE (°C) 


OSCILLATOR FREQUENCY 
vs. SUPPLY VOLTAGE 
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SUPPLY VOLTAGE (V) 
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FREQUENCY OF OSCILLATION 
AS A FUNCTION OF EXTERNAL 
OSC. CAPACITANCE 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 





























ICL7662 


o 



TYPICAL PERFORMANCE CHARACTERISTICS (See Test Circuit of Figure 3) (Continued) g 


UNLOADED OSCILLATOR FREQUENCY OUTPUT VOLTAGE AS A 

AS A FUNCTION OF TEMPERATURE FUNCTION OF LOAD CURRENT 



LOAD CURRENT iL(mA) 
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OUTPUT VOLTAGE AS A 
FUNCTION OF LOAD CURRENT 
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SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 



LOAD CURRENT iL(mA) 


0320-13 


SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
FUNCTION OF LOAD CURRENT 
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FREQUENCY OF OSCILLATION AS A 
FUNCTION OF SUPPLY VOLTAGE 
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rf TYPICAL PERFORMANCE 
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(See Test Circuit of Figure 3) (Continued) 


SUPPLY CURRENT AS A FUNCTION OF 
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NOTE 4. 

Note that these curves include in the supply current that current fed directly 
into the load Rl from V + (see Figure 3). Thus, approximately half the supply 
current goes directly to the positive side of the load, and the other half, 
through the ICL7662, to the negative side of the load. Ideally, Vload ® 
2Vin, Is ® 2 II, so V|n • Is ^ Vload • 'l 

CIRCUIT DESCRIPTION 

The ICL7662 contains all the necessary circuitry to com¬ 
plete a negative voltage converter, with the exception of 2 
external capacitors which may be inexpensive lOjitF polar¬ 
ized electrolytic capacitors. The mode of operation of the 
device may be best understood by considering Figure 4, 
which shows an idealized negative voltage converter. Ca¬ 
pacitor Cl is charged to a voltage, V+, for the half cycle 
when switches Si and S 3 are closed. (Note: Switches S 2 
and S 4 are open during this half cycle.) During the second 
half cycle of operation, switches S 2 and S 4 are closed, with 
Si and S 3 open, thereby shifting capacitor Ci negatively by 
V+ volts. Charge is then transferred from Ci to C 2 such 
that the voltage on C 2 is exactly V+, assuming Ideal 
switches and no load on C 2 . The ICL7662 approaches this 
Ideal situation more closely than existing non-mechanical 
circuits. 

In the ICL7662, the 4 switches of Figure 4 are MOS pow¬ 
er switches; Si is a P-channel device and S 2 , S 3 & S 4 are 
N-channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S 3 & S 4 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” resist¬ 
ances. In addition, at circuit startup, and under output short 
circuit conditions (VouT==V+), the output voltage must be 
sensed and the substrate bias adjusted accordingly. Failure 
to accomplish this would result in high power losses and 
probable device latchup. 



This problem is eliminated in the ICL7662 by a logic net¬ 
work which senses the output voltage (Vout) together with 
the level translators, and switches the substrates of S 3 & S 4 
to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the ICL7662 is an integral 
part of the anti-latchup circuitry, however its inherent volt¬ 
age drop can degrade operation at low voltages. Therefore, 
to improve low voltage operation the “LV” pin should be 
connected to GROUND, disabling the regulator. For supply 
voltages greater than 1 1 volts the LV terminal must be left 
open to insure latchup proof operation, and prevent device 
damage. 
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THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory a voltage multiplier can approach 100% efficien¬ 
cy if certain conditions are met: 

A The drive circuitry consumes minimal power 
B The output switches have extremely low ON resist¬ 
ance and virtually no offset. 

C The impedances of the pump and reservoir capaci¬ 
tors are negligible at the pump frequency. 

The ICL7662 approaches these conditions for negative 
voltage multiplication if large values of Ci and C 2 are used. 

ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 

E = i/2Ci (Vi2-V22) 

where Vi and V 2 are the voltages on C-i during the pump 
and transfer cycles. If the impedances of Ci and C 2 are 
relatively high at the pump frequency (refer to Figure 4) 
compared to the value of Rl, there will be a substantial 
difference in the voltages Vi and V 2 . Therefore it is not only 
desirable to make C 2 as large as possible to eliminate out¬ 
put voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO’S AND DON’TS 

1 . Do not exceed maximum supply voltages. 

2. Do not connect LV terminal to GROUND for supply 
voltages greater than 11 volts. 

3. When using polarized capacitors, the + terminal of 
Ci must be connected to pin 2 of the ICL7662 and 
the + terminal of C 2 must be connected to 
GROUND. 


TYPICAL APPLICATIONS 
Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7662 for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of +4.5V to 20.0V is available. 
Keep in mind that pin 6 (LV) is tied to the supply negative 
(GND) for supply voltages below 11 volts. 

The output characteristics of the circuit in Figure 5 are 
those of a nearly ideal voltage source in series with 65 
ohms. Thus for a load current of -10mA and a supply volt¬ 
age of +15 volts, the output voltage will be 14.35 volts. The 
dynamic output impedance due to the capacitor impedanc¬ 
es is approximately 1 /wC, where: 

C=Ci = C2 

which gives ^-—= = 3 ohms 

wC 277 fpumpx 10-5 

for C = IOjulF and fpump=5kHz (Va of oscillator frequency) 

Paralleling Devices 

Any number of ICL7662 voltage converters may be paral¬ 
leled to reduce output resistance. The reservoir capacitor, 
C 2 , serves all devices while each device requires its own 
pump capacitor, Ci. The resultant output resistance would 
be approximately 

^ Rout (ofiCL7662) 

n (number of devices) 

Cascading Devices 

The ICL7662 may be cascaded as shown to produce larg¬ 
er negative multiplication of the initial supply voltage. How¬ 
ever, due to the finite efficiency of each device, the practical 
limit is 10 devices for light loads. The output voltage is de¬ 
fined by: 

VoUT= -n (V|n), 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx¬ 
imately the weighted sum of the individual ICL7662 Rout 
values. 
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Changing the ICL7662 Oscillator 
Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter¬ 
nal clock, as shown in Figure 8. In order to prevent possible 
device latchup, a 10Okfl resistor must be used in series with 
the clock output. In the situation where the designer has 
generated the external clock frequency using TTL logic, the 
addition of a 10kn pullup resistor to V+ supply is required. 
Note that the pump frequency with external clocking, as 
with internal clocking, will be of the clock frequency. Out¬ 
put transitions occur on the positive-going edge of the 
clock. 


It is also possible to increase the conversion efficiency of 
the ICL7662 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is 
achieved by connecting an additional capacitor, Cqsc. as 
shown in Figure 9. However, lowering the oscillator frequen¬ 
cy will cause an undesirable increase in the impedance of 
the pump (Ci) and reservoir (C 2 ) capacitors; this is over¬ 
come by increasing the values of Ci and C 2 by the same 
factor that the frequency has been reduced. For example, 
the addition of a 10OpF capacitor between pin 7 (Osc) and 
V+ will lower the oscillator frequency to 1 kHz from its nomi¬ 
nal frequency of 10kHz (a multiple of 10), and thereby ne¬ 
cessitate a corresponding increase in the value of Ci and 
C 2 (from lOjaF to lOOjaF). 
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Positive Voitage Doubiing 

The ICL7662 may be employed to achieve positive volt¬ 
age doubling using the circuit shown in Figure 10. In this 
application, the pump inverter switches of the ICL7662 are 
used to charge Ci to a voltage level of V + -Vp (where V + 
is the supply voltage and Vp is the forward voltage drop of 
diode Di). On the transfer cycle, the voltage on Ci plus the 
supply voltage (V+) is applied through diode D 2 to capaci¬ 
tor C 2 . The voltage thus created on C 2 becomes 
(2V+)-(2Vf) or twice the supply voltage minus the com¬ 
bined forward voltage drops of diodes Di and D 2 . 

The source impedance of the output (Vqijt) will depend 
on the output current, but for V + = 15 volts and an output 
current of 10mA it will be approximately 70 ohms. 



Combined Negative Voltage Conversion 
and Positive Supply Doubling 

Figure 11 combines the functions shown in Figures 5 and 
10 to provide negative voltage conversion and positive volt¬ 
age doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts 
from an existing + 5 volt supply. In this instance capacitors 
Ci and C 3 perform the pump and reservoir functions re¬ 
spectively for the generation of the negative voltage, while 
capacitors C 2 and C 4 are pump and reservoir respectively 
for the doubled positive voltage. There is a penalty in this 
configuration which combines both functions, however, in 
that the source impedances of the generated supplies will 
be somewhat higher due to the finite impedance of the 
common charge pump driver at pin 2 of the device. 



Voltage Splitting 

The bidirectional characteristics can also be used to split 
a higher supply in half, as shown In Figure 12. The com¬ 
bined load will be evenly shared between the two sides and, 
a high value resistor to the LV pin ensures start-up. Be¬ 
cause the switches share the load In parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 7, + 30V can be con¬ 
verted (via + 15V, and -15V) to a nominal —30V, although 
with rather high series output resistance ('^25011). 



Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7662 can 
be a problem, particularly if the load current varies substan¬ 
tially. The circuit of Figure 13 can be used to overcome this 
by controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con¬ 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7662’s output does not respond instantaneously to a 
change in input, but only after the switching delay. The cir¬ 
cuit shown supplies enough delay to accommodate the 
7662, while maintaining adequate feedback. An increase in 
pump and storage capacitors is desirable, and the values 
shown provides an output impedance of less than 5n to a 
load of 10mA. 




OTHER APPLICATIONS 

Further information on the operation and use of the 
ICL7662 may be found in A051 “Principals and Applications 
of the ICL7660 CMOS Voltage Converter”. 
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ICL7663 

CMOS Programmable 
Micropower Voltage Regulators 



GENERAL DESCRIPTION 

The ICL7663 positive voltage regulator is a low-power, 
high-efficiency device which accepts inputs from 1.6V to 
16V and provides adjustable outputs over the same range 
at currents up to 40mA. Operating current is typically less 
than 4jaA, regardless of load. 

Output current sensing and remote shutdown are avail¬ 
able, providing protection for the regulator and the circuits it 
powers. A unique feature is a negative temperature coeffi¬ 
cient output. This can be used, for example, to efficiently 
tailor the voltage applied to a multiplexed LCD through the 
driver e.g., ICM7231/2/3 so as to extend the display oper¬ 
ating temperature range many times. 

An enhanced direct replacement for this part called 
ICL7663S is now available and is more appropriate for new 
designs. 

The ICL7663 is available in 8-pin plastic, TO-99 can, 
CERDIP, and SOIC packages. 


FEATURES 

• Ideal for Battery-Operated Systems: Less Than 4jliA 
Typical Current Drain 

• Will Handle Input Voltages From 1.6V to 16V 

• Very Low Input-Output Differential Voltage 

• 1.3V Bandgap Voltage Reference 

• Up to 40mA Output Current 

• Output Shutdown Via Current-Limit Sensing or 
External Logic Signal 

• Output Voltages Programmable From 1.3V to 16V 

• Output Voltages With Programmabie Negative 
Temperature Coefficients 


ORDERING INFORMATION 


Positive Regulator 

Part Number 

Temperature Range 

Package 

ICL7663CBA 

ICL7663CPA 

ICL7663CJA 

ICL7663CTV 

0"Cto +70“C 
O^Cto +70“C 
0“Cto +70“C 
0"Cto +70"C 

8 -Lead SOIC 
8 -Lead MiniDIP 
8 -Lead CERDIP 
8 -Lead TO-99 
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ABSOLUTE MAXIMUM RATINGS, ICL7663 POSITIVE REGULATOR 


Input Supply Voltage.+18V 

Any Input or Output Voltage (Note 1) (Terminals 1, 2, 3, 

5,6,7).(GND -0.3V) to (V+in +0.3V) 

Output Source Current 

(Terminal 2).50mA 

(Terminal 3).25mA 


Output Sinking Current (Terminal 7) .-10mA 

Power Dissipation (Note 2) 

MlniDIP. 200mW 

TO-99 Can . 300mW 

Operating Temperature Range .O^C to + 70*C 

Storage Temperature .-65"Cto+150“C 

Lead Temperature (Soldering, lOsec) .OOO^C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: Pin Configurations 

(outline dwg BA) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


5-29 


ICL7663 














iCL7663 


ICL7663 ^DUm^fllL 


ICL7663 ELECTRICAL CHARACTERISTICS 

V|N+ =9V, Vout=5V, Ta= +25‘’C, unless otherwise specified. See Test Circuit Figure 3. 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

V|N 

Input Voltage 

Ta= +25“C 

O^C^Ta^+TO^C 

1.5 

1.6 


16.0 

16.0 

V 

Iq 

Quiescent Current 

/Rl=°° 1 V,n = 16V 

.4V^ Vout^8-5VJ V|n = 9V 


4.0 

3.5 

12 

10 

jixA 

Vset 

Reference Voltage 


1.2 

1.3 

1.4 

V 

AVset 

AT 

Temperature Coefficient 

8.5V <V|N <9V 


±200 


ppm 

AVset 

Line Regulation 

2V<V|n<9V 


0.03 


%/V 

VsetAVin 

ISET 

Vset input Current 



±0.01 

10 

nA 

ISHDN 

Shutdown Input Current 



±0.01 

10 

nA 

VsHDN 

Shutdown Input Voltage 

VshdnHI: Both VouT Disabled 
VshdnLO- Both Vqut Enabled 

1.4 


0.3 

V 

■sense 

Sense Pin Input Current 



0.01 

10 

nA 

VCL 

Sense Pin Input Threshold Voltage 

VcL=VoUT 2 - VsENSE 
(Current-Limit Threshold) 


0.7 


V 

Rsat 

Input-Output On-Resistance 
(Note 3) 

V|n=2V 

V,n = 9V 

V|(\| = 15V 


200 

70 

50 


a 

AVout 

AIqut 

Load Regulation 

AIqUTI = "I OOjuA @ VquTI 5V 
AIoUT2 == “I OniA @ V 0 UT 2 ~ 5V 


2.0 

1.0 


n 

■0UT2 

Available Output Current (V 0 UT 2 ) 

V|n=3V Vqut=Vset 

V,n = 9VVout = 5V 

V|n = 15VVout=5V 

10 

25 

40 



mA 

VtC 

Negative-Tempco Output (Note 4) 

Open-Circuit Voltage 


0.9 


V 

■tc 

Maximum Sink Current 

0 

8 

2.0 

mA 

AVtc 

AT 

Temperature Coefficient of Vjc Output 

Open Circuit 


+ 2.5 


mV/°C 

■Umin) 

Minimum Load Current 

(Includes Vset Divider) 

1.0 



fxA 


NOTES: 1. Connecting any terminal to voltages greater then (V|n+ +0.3V) or less than (GND-0.3V) may cause destructive device latchup. It is recommended 
that no inputs from sources operating on external power supplies be applied prior to ICL7663 power-up. 

2. Derate linearly above SO'C at 5mW/®C for minidip and 7.5mW/*C for TO-99 can. 

3. This parameter refers to the on-resistance of the MOS pass transistor. The minimum input-output voltage differential at low current (under 5mA), can be 
determined by multiplying the load current (including set resistor current, but not quiescent current) by this resistance. 

4. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vset. a negative coefficient results 
in the output voltage. See Figure 4 for details. Pin will not source current. 
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NOTES 1: Si when closed, disables output current limiting. 
2: 


S 2 Closed 

S 2 Open 

Vquti 

V 0 UT 2 


3: VouT== ^" — VsET 
Hi 

4: Iq quiescent current is measured at GND pin by meter M. 
5: S 3 when ON, permits normal operation, when OFF, shuts 
down both Vquti and Vout 2 - 


Figure 3: Test Circuit for ICL7663 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 


V 0 UTI INPUT-OUTPUT 
DIFFERENTIAL VS OUTPUT CURRENT 
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QUIESCENT CURRENT AS A 
FUNCTION OF INPUT VOLTAGE 
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VoUT2 INPUT-OUTPUT 
DIFFERENTIAL VS OUTPUT CURRENT 
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QUIESCENT CURRENT AS A 
FUNCTION OF TEMPERATURE 
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DETAILED DESCRIPTION 

The ICL7663 is a CMOS integrated circuit which contains 
all the functions of a voltage regulator plus protection cir¬ 
cuitry on a single monolithic chip. Referring to the functional 
diagram (Figure 1), it can be seen that it contains a band- 
gap-type voltage reference of 1.3 Volts. This voltage, there¬ 
fore, is the lowest output voltage the regulator can control. 
Error amplifier A drives a P-channel pass transistor which is 
sufficient for low (under about 5mA) currents. The high cur¬ 
rent output is passed by an NPN bipolar transistor connect¬ 
ed as a follower. This configuration gives more gain and 
lower output impedance. 

Logic-controlled shutdown is implemented via an MOS 
transistor of the appropriate polarity. Current-sensing is 
achieved with comparator C, which functions with the 
VouT2 line- Finally, the positive regulator has an output 
(Vjc) a buffer amplifier (B), which can be used to gen¬ 
erate programmable-temperature-coefficient output volt¬ 
ages. 

The amplifiers, reference and comparator circuitry all op¬ 
erate at bias levels well below 1 juA to achieve the extremely 
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low quiescent current. This does limit the dynamic response 
of the circuit, however, and transients are best dealt with 
outside the regulator loop. 

BASIC OPERATION 

The ICL7663 is designed to regulate battery voltages in 
the 5V to 15V region at maximum load currents of about 
5mA to 30mA. Although intended as a low power device, 
power dissipation limits must be observed. For example, the 
power dissipation in the case of a 10V supply regulated 
down to 2V with a load current of 30mA clearly exceeds the 
power dissipation rating of the minidip; (10-2)(30) 
(10“3) = 240mW. The test circuit illustrates proper use of 
the device. 

CMOS devices generally require two precautions: every 
input pin must go somewhere, and maximum values of ap¬ 
plied voltages and current limits must be rigorously ob¬ 
served. Neglecting these precautions may lead to, at the 
least, incorrect or non-operation, and at worst, destructive 
device failure. To avoid the problem of latchup, do not apply 
inputs to any pins before supply voltage is applied. 
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Input Voltages — The regulator accepts working inputs of 
1.4V to 18V. When power is applied, the rate-of-rise of the 
input may be hundreds of volts per microsecond. This is 
potentially harmful to the regulator, where internal operating 
currents are in the nanoampere range. The 0.047juiF capaci¬ 
tor on the device side of the switch will limit inputs to a safe 
level around 2V//xs. Use of this capacitor is suggested in all 
applications. In severe rate-of-rise cases, it may be advisa¬ 
ble to use an RC network on the SHutDowN pin to delay 
output turn-on. Battery charging surges, transients, and as¬ 
sorted noise signals should be kept from the regulator by 
RC filtering, zener protection, or even fusing. 

Output Voltages — The resistor divider R 2 /R 1 is used to 
scale the reference voltage, Vset. fo fhe desired output us¬ 
ing the formula VouT=(1 +R 2 /R 1 ) Vset- Suitable arrange¬ 
ments of these resistors, using a potentiometer, enables ex¬ 
act values for Vqijt to be obtained. Because of the low 
leakage current of the Vset terminal, these resistors can be 
tens of megohms for minimum additional quiescent drain 
current. However, some load current is required for proper 
operation, so for extremely low-drain applications it is nec¬ 
essary to draw at least 1 juiA. This can include the current for 
R 2 and R-]. 

Output voltages up to nearly the V|n supply may be ob¬ 
tained at low load currents, while the low limit is the refer¬ 
ence voltage. The minimum input-output differential in each 
regulator is obtained using the Vquti terminal. 

Output Currents — For the ICL7663, low output currents of 
less than 5mA are obtained with the least input-output dif¬ 
ferential from the Vquti terminal (connect Vout2 fo 
Vquti)- Where higher currents are needed, use Vout2 
(Vquti should be left open in this case). 

High output currents can be obtained only as far as pack¬ 
age dissipation allows. It is strongly recommended that out¬ 
put current-limit sensing be used in such cases. 
Current-Limit Sensing — The on-chip comparator (C in 
the block diagrams) permits shutdown of the regulator out¬ 
put in the event of excessive current drain. As the test cir¬ 
cuit shows, a current-limiting resistor, Rql, is placed in se¬ 
ries with VouT 2 . and the SENSE terminal is connected to 
the load side of Rql- When the current through Rql is high 
enough to produce a voltage drop equal to Vql (0.7V) the 
voltage feedback is bypassed and the regulator output will 
be limited to this current. Therefore, when the maximum 
load current (Ilqad) is determined, simply divide Vql by 
•lqad fo obtain the value for Rql- 
Logic-Controllable Shutdown ^ When equipment is not 
needed continuously (e.g., in remote data-acquisition sys¬ 
tems), it is desirable to eliminate its drain on the system until 
it is required. This usually means switches, with their unreli¬ 
able contacts. Instead, the ICL7663 can be shut down by a 
logic signal, leaving only Iq (under 4jaA) as a drain on the 
power source. Since this pin must not be left open, it should 
be tied to ground if not needed. A voltage of less 


than 0.3V will keep the regulator ON, and a voltage level of 
more than 1.4V but less than V|n will turn the outputs OFF. 
If there is a possibility that the control signal could exceed 
the regulator Input (V,n), the current from this signal should 
be limited to lOOjutA maximum by a high-value (IMH) series 
resistor. This situation may occur when the logic signal origi¬ 
nates from a system powered separately from that of the 
regulator. 

Additional Circuit Precautions ~ The regulator has poor 
rejection of voltage fluctuations from AC sources above 
10 Hz or so. To prevent the output from responding (where 
this might be a problem), a reservoir capacitor across the 
load is advised. The value of this capacitor is chosen so that 
the regulated output voltage reaches 90% of its final value 
in 20ms. From 



C=Iqut 


(20X10-3) 

0.9VOUT 


= 0 . 022 - 


Iqut 

Vqut’ 


In addition, where such a capacitor is used, a current-limit¬ 
ing resistor is also suggested (see “Current-Limit Sens¬ 
ing”). 

Producing Output Voltages With Negative Temperature 
Coefficients — The ICL7663 has an additional output 
which is 0.9V relative to GND and has a tempco of 
+ 2.5mV/"C. By applying this voltage to the inverting input 
of amplifier A (i.e., the Vset output voltages having 
negative TC may be produced. The TC of the output voltage 
is controlled by the R 2 /R 3 ratio (see Figure 4 and its design 
equations). 



Ri R2 



0321-20 

EQ.1: Vout = Vset(1 +^) +^{VseT-Vtc) 

Hi H 3 

EQ.2: TC VouT= “^(TCVtc) in mV/°C 
R 3 

WHERE: Vset=1-3V 
Vtc = 0.9V 
TCVtc= +2.5mV/"C 

Figure 4: Generating Negative Temperature 
Coefficients 
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APPLICATIONS 


VOUTI 

ICL7663 

VTC 


GNO SHON 


R2+RI W 

VOUT = VSET 


Figure 5: Basic Appiication of iCL7663 as 
Positive Reguiator with Current Limit 
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ICL7663B ADDENDUM TO THE ICL7663 

This Addendum to the standard ICL7663 datasheet de¬ 
scribes changes and/or modifications to the DC Operating 
characteristics applicable to the ICL7663B devices. The fol¬ 
lowing table Indicates those limits to which the ICL7663B is 
tested and/or guaranteed operational. 
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DATASHEET 

ICL7663B POSITIVE REGULATOR 
ORDERING INFORMATION 


Positive Regulator 

1CL7663BCBA 

0“Cto70“C 

8 -pin S.O.I.C. 

ICL7663BCJA 

0 “C to 70“C 

8 -pin CERDIP 

ICL7663BCPA 

0“Cto70"C 

8 -pin MiniDIP 

ICL7663BCTV 

0 “C to 70°C 

TO-99 


1 


ABSOLUTE MAXIMUM RATINGS ICL7663B 

Input Supply Voltage.+12V 

Any Input or Output Voltage (Note 1) Terminals 1, 2, 3, 4, 5, 

6, 7) .(GND -0.3V) to (V+in +0.3V) 

Output Source Current 

(Terminal 2).50mA 

(Terminal 3).25mA 


Output Sinking Current (Terminal 7) .-10mA 

Power Dissipation (Note 2) 

MiniDIP. 200mW 

TO-99 Can . 300mW 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ICL7663B OPERATING CHARACTERISTICS v+,n = 9V, VouT = 5V, Ta = + 25‘’C, unless otherwise 
specified. 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 


Input Voltage 

Ta=+25'>C 

20’C^Ta^+70»C 

H 



n 

IIIIIIIIIIQIIIIII^ 

Quiescent Current 

I Rl=o= I 

Ii.4V^Vout^8.5VJ 

■ 



IIQII 


Reference Voltage 



1.3 


V 


Temperature Coefficient 

8.5V<V+in<9V 


±200 



aVset 

VsetAVin 

Line Regulation 

2V<V+in<9V 

■ 




•set 

VsET Input Current 






ISHDN 

Shutdown Input Current 





mEEH 

VSHDN 

Shutdown Input Voltage 

VshdnHI- Both Vqut Disabled 
VshdnI-0’ Both Vqut Enabled 

1.4 



D 

■sense 

Sense Pin Input Current 




10 

nA 

VCL 

Sense Pin Input Threshold Voltage 

VcL = VouT2“VseNSE 
(Current-Limit Threshold) 


0.7 


V 

Rsat 

Input-Output Saturation Resistance 
(Note 3) 

V+|n = 2V 

V+in = 9V 




n 

AVouT 

AIoUT 

Load Regulation 

AIqUTI = IOOjulA @ VouTI = 5V 
AIoUT2 = “I OniA @ VouT2 5V 


2 

1 


n 

l0UT2 

Available Output Current (VouT2) 

V+|n = 3V Vout=VseT 

V+in = 9V Vout=5V 

10 

25 



mA 
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iCL7663B OPERATING CHARACTERISTICS V+ IN = 9V, VouT=5V, Ta = + 25‘’C, unless otherwise 
specified. (Continued) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

VtC 

Negative-Tempco Output (Note 4) 

Open-Circuit Voltage 


0.9 


V 

Itc 

Maximum Sink Current 

0 

8 

2 

mA 

AVtC 

AT 

Temperature Coefficient 

Open Circuit 


+ 2.5 


mV/^C 

^L(min) 

Minimum Load Current 

(Includes Vset Divider) 



1 

IxA 


NOTES: 1. Connecting any terminal to voltages greater than (V+in +0.3V) or less than (GND -0.3V) may cause destructive device latchup. It is recommended 
that no inputs from sources operating on external power supplies be applied prior to ICL7663B power-up. 

2. Derate linearly above SCC at 5mW/“C for minidip and 7.5mW/®C for TO-99 can. 

3. This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current (under 5mA), 
can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this resistance. 

4. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vset> a negative coefficient results 
in the output voltage. See Figure 3 for details. Pin will not source current. 
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ICL7663S 

CMOS Programmable Micropower 
Positive Voltage Regulator 



GENERAL DESCRIPTION 

The Intersil ICL7663S Super Programmable Micropower 
Voltage Regulator is a low power, high efficiency positive 
voltage regulator which accepts 1.6V to 16V inputs and pro¬ 
vides adjustable outputs from 1.3V to 16V at currents up to 
40mA. 

It is a direct replacement for the industry standard ICL7663B 
offering iWder operating voltage and temperature ranges, im¬ 
proved output accuracy (ICL7663SA), beffer temperature coef¬ 
ficient, guaranteed maximum supply current, guaranteed line 
and load regulation, and ESD protection in excess of 2000V 
on all pins. All improvements are highlighted ini bo/d italica in 
the electrical characteristics section. Critical parameters are 
guaranteed over the entire commercial and industrial 
temperature ranges. The ICL7663S/SA programmable out¬ 
put voltage is set by two external resistors. The 1% reference 
accuracy of the ICL7663SA eliminates the need for trimming 
the output voltage in most applications. 

The ICL7663S is well suited for battery powered supplies, 
featuring 4^ quiescent current, low V,,,^ to Vq^t differential, 
output current sensing and logic input level shutdown control. 
In addition, the ICL7663S has a negative temperature coeffi¬ 
cient output suitable for generating a temperature compensated 
display drive voltage for LCD displays. 

The iCL7663S is available in either an 8-pin plastic, TO-99 
can, CERDIP, or SOIC package. 



FEATURES 

• Guaranteed lOpA maximum quiescent current over all 
temperature ranges 

• Wider operating voltage range ~ 1.6V to 16V 

• Guaranteed line and load regulation over entire 
^>eratin|| temperature range. 

• 1% output voltage accuracy (ICL7663SA) 

• Output voltage programmable from 1.3V to 16V 

• Improved temperature coefficient of output voltage 

• 40mA minimum output current with current limiting 

• Output voltages with programmable negative 
temperature coefficients. 

• Output shutdown via current-limit sensing or external 
logic level 

• Low Input-to-output voltage differential 

• Improved direct replacement for industry standard 
ICL7663B and other second-source products 

• Enhanced ESD protection >2000V 

APPLICATIONS 

• Low-Power Portable Instrumentation 

• Pagers 

• Handheld Instruments 

• LCD Display Modules 

• Remote Data Loggers 

• Battery-Powered Systems 

ORDERING INFORMATION 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ICL7663SCBA 

ICL7663SCPA 

ICL7663SCJA 

ICL7663SCTV 

ICL7663SACPA 

ICL78e3SACJA 

ICL7e63SACTV 

to -fTO^C 

8 Lead SOIC 

8 Lead Minidip 

8 Lead CERDIP 
TO-99 

8 Lead Minidip 

8 Lead CERDIP 
TO-99 

iCL7663SIBA 

ICL7863SIPA 

iCL7663SIJA 

ICL7e63SITV 

ICL7663SAIPA 

ICL7663SAIJA 

ICL7663SAITV 

-25«C to +85® 

8 Lead SOIC 

8 Lead Minidip 

8 Lead CERDIP 
TO-99 

8 Lead Minidip 

8 Lead CERDIP 
TO-99 
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ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage.+ 18V 

Any Input or Output Voltage (Note 1) 

(Terminals 1.2,3,5.6,7,). (V,n +0.3)to(GND -0.3)V 

Output Source Current 

(Terminal 2).50mA 

(Terminal 3).25mA 

Output Sinking Current 

(Terminal 7).-10mA 

Lead Temperature (Soldering, 10 sec).300*C 

Storage Temperature Range.-65® to 150®C 

Operating Temp. Range 

ICL7663SC.0®C to +70®C 

ICL7663SI.-25®C to +85®C 

Total Power Dissipation (Note 2) 

SOIC.200m W 

Mlnidip.200mW 

TO-99 Can.300mW 

CERDIP.500mW 


Stresses above those listed under '‘Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress 
ratings only and functional operation of the device at these or 
any other conditions above those indicated in the operationai 
sections of the specifications is not implied. Exposure to ab¬ 
solute maximum rating conditions for extended periods may ef¬ 
fect device reliability. 


ELECTRICAL CHARACTERISTICS Specifications below applicable to both ICL7663S and ICL7663SA unless other¬ 
wise stated. Vii « 9V, Vqut “ 5V, T^ * 26®C, unless otherwise stated. See Test 
Circuit, Figure 3. 


SYMBOL 

PARAMETER 


LIMITS 

UNITS 

EH 




Irtput Voltage 

/Ct7663$ 



■1 




TA * 25®C 

1.5 



V 



0®C < TA < 70*C 

1.6 


■a 

V 



-25®C < TA < +85®C 

1.6 


16 




ICL7663SA 







0®C < TA < ^•70®C 

f.6 


16 

V 



-25®C<TA< +85®C 

1.6 


16 


fo 

Quieacent Current 

1.4V < Vqut < ®-5V. No Load 







V + ,N - 9V0®C<TA< 70®C 



10 

pA 



-25«C<TA< 4.85®C 



10 




V + IN » 16V 0®C < TA < 70®C 



12 

pA 



-25®C < TA < +85®C 



12 



Reference Voltage 

•OUTI “ lOOjiA, VouT = Vset 







ICL76$3S TA - 25 ®C 

1.2 

1.3 

1.4 

V 



ICL7663SA TA « 25®C 

1.275 

1.29 

1.305 

V 


Temperature 

0®C < TA < 70®C 


100 


ppm 

AT 

Coefficient 

-25®C < TA< +85®C 


100 


ppm 


Line Regulation 

2V < V,N < 15V 







0®C < TA < 70®C 


0.03 

0.3 

%/V 



-25®C<TA< 85 “C 


0.03 

0.3 

%/V 

fser 


0®C < TA < 70®C 

■1 



nA 



-25®C<TA< 85 ®C 

■ 



nA 


Notes: 

1. Connecting any terminal to voltages greater than (V'^’i^ + 0.3V) or less than (GND - 0.3V) may cause destructive device latch-up. It is recom¬ 
mended that no inputs from sources operating on external power supplies be applied prior to ICL7663S power-up. 

2. Derate linearly above 50®C at 5mW/®C for Plastic Mlnidip, 7.5mW/®C for TO-99 can, and lOmW/®C for CERDIP. 
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ELECTRICAL CHARACTERISTICS (continuad) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

*SHDN 

Shutdown Input 



±0.01 

10 

nA 


Current 






'^SHDN 

Shutdown Input 

VfiMHM HI: Both VrtiiT Disabled 

1.4 


■n 

V 


Voltage 

VgHON ^OUT Ei^abied 




V 

•sense 

Sense Pin Input 







Current 



0.01 

10 

nA 

'^CL 

Sense Pin Input 



■i 




Threshold 





V 




m 

170 


Q 







Q 




Bill 



n 


Load Ragulatlon 





Q 







0 

^oun 

Awallabla Output 

3V < V,N < 16V, V,n-Vout2 - 1-5V 

40 



mA 


Currant (Voun) 






'^TC 

Negative Tempco 

Open - Circuit Voltage 


KOI 


V 

•tc 

Output (Note 4) 

Maximum Sink Current 

0 

8 

2.0 

mA 

aVtc 

Temperature Coefficient 

Open Circuit 




mV/»C 

AT 




mi 



•l (MIN) 

Minimum Load 

(includes V 3 gj Divider) 


■ 




Current 

TA - 25*C 




mA 



0®C < TA < +70'‘C 




^iA 



-25®C<TA< +85®C 


mm 


mA 


Notn: 

3. This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current (under 
5mA), can be determined by multiplying the load current (Including set resistor current, but not quiescent current) by this resistance. 

4. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at V 3 gi-, a negative coefficient 
results in the output voltage. See Figure 4 for details. Pin will not source current. 

5. All pins are designed to withstand electrostatic discharge (ESO) levels in excess of 2000V. 

6. All significant improvements over the industry standard ICL7663 are highlighted in bold italics. 
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ICL7663S 

TYPICAL PERFORMANCE CHARACTERISTICS 


Output Voltage as a 
Function of Output Current 



•out (W'A) 


VouTi Input-Output Differential 
vs Output Current 



0 2 4 6 s 10 12 14 16 18 20 

•oUTI (mA) 


VouT 2 Input-Output Differential 
vs Output Current 



0 5 10 15 20 25 30 35 40 45 50 

•ooTi (niA) 


Input Power Supply 



0.01 0.1 1.0 10.0 100.0 Ik 

FREQUENCY (Hz) 


Quiescent Current as a 
Function of Input Voltage 



gif I I I _i_I I J_ I 

0 2 4 6 0 10 12 14 16 


V,;(V) 


Quiescent Current as a 



TEMPERATURE (*C) 


DETAILED DESCRIPTION 

The ICL7663S is a CMOS integrated circuit incorporating all 
the functions of a voltage regulator plus protection circuitry on 
a single monolithic chip. Referring to the functional diagram 
(Figure 2), the main blocks are a bandgap-type voltage 
reference, an error amplifier, and an output driver with both 
PMOS and NPN pass transistors. 

The bandgap output voltage, trimmed to 1.29V ± 15mV for the 
ICL7663SA, and the input voltage at the V 3 £j terminal are 
compared in amplifier A. Error amplifier A drives a P-channel 
pass transistor which is sufficient for low (under about 5mA) 
currents. The high current output is passed by an NPN bipolar 
transistor connected as a follower. This configuration gives 
more gain and lower output impedance. 

Logic-controlled shutdown is implemented via a N-channel 
MOS transistor. Current-sensing is achieved with comparator 
C, which functions with the Vout 2 terminal. The ICL7663S has 
an output (Vjc) from a buffer amplifier (B), which can be used 
in combination with amplifier A to generate programmable- 
temperature-coefficient output voltages. 

The amplifiers, reference and comparator circuitry all operate 


at bias levels well below 1)4A to achieve extremely low quies¬ 
cent current. This does limit the dynamic response of the cir¬ 
cuits, however, and transients are best dealt with outside the 
regulator loop. 

BASIC OPERATION 

The ICL7663S is designed to regulate battery voltages in the 
5V to 15V region at maximum load currents of about 5mA to 
30mA. Although intended as low power devices, power dissipa¬ 
tion limits must be observed. For example, the power dissipa¬ 
tion in the case of a 10V supply regulated down to 2V with a 
load current of 30mA clearly exceeds the power dissipation 
rating of the minidip: 

(10-2) (30) (10-3) » 240mW 

The circuit of Figure 4 illustrates proper use of the device. 

CMOS devices generally require two precautions: every input 
pin must go somewhere, and maximum values of applied 
voltages and current limits must be rigorously observed. 
Neglecting these precautions may lead to, at the least, incor¬ 
rect or nonoperation, and at worst, destructive device failure. 
To avoid the problem of latchup, do not apply inputs to any 
pins before supply voltage is applied. 
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Input Voltages— The ICL7663S accepts working inputs of 1.5V 
to 16V. When power is applied, the rate-of*rise of the input may 
be hundreds of volts per microsecond. This is potentially harm¬ 
ful to the regulators, where internal operating currents are in 
the nanoampere range. The 0.047^F capacitor on the device 
side of the switch will limit inputs to a safe level around 2V/fiS. 
Use of this capacitor is suggested in ail applications, in severe 
rate-of-rise cases, it may be advisable to use an RC network 
on the SHutDowN pin to delay output turn-on. Battery charg¬ 
ing surges, transients, and assorted noise signals should be 
kept from the regulators by RC filtering, zener protection, or 
even fusing. 

Output Voltages— The resistor divider R 2 /R 1 is used to scale 
the reference voltage, V 3 ^, to the desired output using the 
formula Vqut = (1 R 2 /Ri)Vs£x. Suitable arrangements of 
these resistors, using a potentiometer, enables exact values 
for Vqut to be obtained. In most applications the potentiometer 
may be eliminated by using the ICL7663SA. The ICL7663SA 
has Vset voltage guaranteed to be 1.29V±15mV and when us¬ 
ed with ±1% tolerance resistors for Rf and R 2 the initial out¬ 
put voltage will be within ±2.7% of ideal. 

The low leakage current of the Vs^j terminal allows R^ and 
R 2 to be tens of megohms for minimum additional quiescent 
drain current. However, some load current is required for pro¬ 
per operation, so for extremely low-drain applications it is 
necessary to draw at least 1^. This can include the current 
for R 2 and R-]. 

Output voltages up to nearly the V||y| supply may be obtained 
at low load currents, while the low limit is the reference voltage. 
The minimum input-output differential in each regulator is ob¬ 
tained using the Vquti terminal. The input-output differential 
increases to 1.5V when using Vout2 - 



VoOT = VsKT = 5V 


Figure 4: Positive Regulator with Current Limit 


Output Currents— Low output currents of less than 5mA are 
obtained with the least input-output differential from the Vquti 
terminal (connect Vout 2 to Vquti)- Where higher currents are 
needed, use Vqut 2 (^outi should be left open in this case). 

High output currents can be obtained only as far as package 
dissipation allows. It is strongly recommended that output 
current-limit sensing be used in such cases. 

Current-Limit Sensing— The on-chip comparator (C in Figure 
2 ) permits shutdown of the regulator output in the event of ex¬ 
cessive current drain. As Figure 4 shows, a current-limiting 
resistor, Rql, is placed in series with VQyT 2 toe SENSE 
terminal is connected to the load side of Rql* When the cur¬ 
rent through Rql is high enough to produce a voltage drop 
equal to Vql (0.5V) the voltage feedback is bypassed and the 
regulator output will be limited to this current. Therefore, when 
the maximum load current (Iload) 's determined, simply divide 
Vql by Ilqad to obtain the value for Rql. 

Logic-Controllable Shutdown— When equipment is not need¬ 
ed continuously (e.g., in remote data-acquisition systems), it 
is desirable to eliminate its drain on the system until it is re¬ 
quired. This usually means switches, with their unreliable con¬ 
tacts. Instead, the ICL7663S can be shut down by a logic signal, 
leaving only Iq (under 4^) as a drain on the power source. 
Since this pin must not be left open, it should be tied to ground 
if not needed. A voltage of less than 0.3V for the ICL7663S 
will keep the regulator ON, and a voltage level of more than 
1.4V but less than V +IN will turn the outputs OFF. If there is 
a possibility that the control signal could exceed the regulator 
input (V in) the current from this signal should be limited to 
100^ maximum by a high-value (IMS) series resistor. This 
situation may occur when the logic signal originates from a 
system powered separately from that of the regulator. 
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Additional Circuit Precautions— This regulator has poor re¬ 
jection of voltage fluctuations from AC sources above 10Hz or 
so. To prevent the output from responding (where this might 
be a problem), a reservoir capacitor across the load is advis¬ 
ed. The value of this capacitor is chosen so that the regulated 
output voltage reaches 90% of its final value in 20ms. From 

I = C— , C = louT.i?.9.J^Jj-I?j * 0.022 ...!qUI- . 

At O.SVouT VquT 

In addition, where such a capacitor is used, a current-limiting 
resistor is also suggested (see “Current-Limit Sensing”). 

Producing Output Voltages With Negative Temperature 
Coefficients— The ICL7663S has an additional output which 
is 0.9V relative to GND and has a tempco of + 2.5mV/®C. By 
applying this voltage to the inverting input of amplifier A (i.e., 
the V 3 £j pin), output voltages having negative TC may be pro¬ 
duced. The TC of the output voltage is controlled by the R^Ra 
ratio (see Figure 5 and its design equations). 

APPLICATIONS 

Boosting Output Current with External Transistor 

The maximum available output current from the ICL7663S is 
40mA. To obtain output currents greater than 40mA, an exter¬ 
nal NPN transistor is used connected as shown in Figure 6. 

Generating a Temperature Compensated Display 
Drive Voltage 

Temperature has an important effect in the variation of 
threshold voltage in multiplexed LCD displays. As temperature 
rises, the threshold voltage goes down. For applications where 
the display temperature varies widely, a temperature compen¬ 
sated display voltage, Vpisp, can be generated using the 
ICL7663S. This is shown in Figure 7 for the ICM7233 triplexed 
LCD display driver. 

Generating Regulated Split Supplies from a Single 
Supply 

To generate regulated -i-5V and -5V supplies from a single 
supply, the ICL7660S and ICL7664 are used with the 
ICL7663S, as shown in Figure 8. The ICL7660S inverts the 
+ 9V input voltage to -9V. Then, the ICL7664S negative 
voltage regulator uses the - 9V to generate a regulated -5V 
output, while the ICL7663S positive voltage regulator regulates 
the + 9\/ input to a constant + 5V output. 




Figure 6: Boosting Output Current with External Transistor 
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PROCESSOR. 

ETC. 


VoUTjj- 

ICL7663S I 

VsetK 


Figure 7: Generating a Multiplexed LCD Display Drive Voltage 



*Values depend on load 
characteristics 


Figure 8: Generating Regulated Split Supplies From a Single Supply 

The oscillation frequency of the ICL7660S is reduced by the external oscillator capacitor, so that it inverts the battery 
voltage more efficiently. 



NOTE: AH typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 

The ICL7665 contains two individually programmable 
voltage detectors on a single chip. Requiring only S/xA typi¬ 
cal for operation, the device is intended for battery-operated 
systems and instruments which require high or low voltage 
warnings, settable trip points, or fault monitoring and correc¬ 
tion. Typical applications are battery-backup computer 
memories, battery-operated medical devices, radiation do¬ 
simeters, pocket pagers, portable calibrators, test instru¬ 
ments, and charging systems. 

An enhanced direct replacement for this part called 
ICL7665S will become available shortly and will be more 
appropriate for new designs. 


FEATURES 

• Exceptionally Low Supply Current (OjuiA Typ) 

• individually Programmable Upper and Lower Trip 
Voltages and Hysteresis Levels 

• Accurate On-Chip Bandgap Reference 

• Up to 20mA Output Current Sinking Ability 

• Wide Supply Voltage Range 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICL7665CPA 

ICL7665CTV 

ICL7665CBA 

ICL7665CJA 

0“Cto +70"C 
0“Cto +70‘’C 
0“CtO 70“C 

0“C to 70“C 

8 Lead MiniDIP 

8 Lead TO-99 

8 Lead SOIC 

8 Lead CERDIP 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302067-003 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. .-0.3V to +18V 

Output Voltages OUT1 and OUT2 (with respect to GND) 

(Note 2) .-0.3V to +18V 

Output Voltages HYST1 and HYST2 (with respect to V+) 

(Note 2) .+ 0.3V to -18V 

Input Voltages SET1 and SET2 
(Note 2).(GND-0.3V)to(V+ +0.3V) 


Maximum Sink Output Current OUT 1 and OUT2 25mA 

Maximum Source Output Current HYST1 


andHYST2 .-25mA 

Power Dissipation (Note 1) . 200mW 

Operating Temperature Range .0“C to + 70®C 

Storage Temperature Range.-55‘*Cto +125“C 

Lead Temperature (Soldering, lOsec) . 300“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

DC OPERATING CHARACTERISTICS (V+ = 5V, Ta= + 25°C, unless otherwise specified. See Test Circuit 
Fig. 4) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

V+ 

Operating Supply Voltage 

Ta=+25°C 

OX^Ta^+TO^C 

1.6 

1.8 


16 

16 

V 

1 + 

_ 

Supply Current 

GND^VseTIi VseT2 ^V + 

All Outputs Open Circuit 

V+=2V 

V+=9V 

V+ = 15V 


2.5 

2.6 

2.9 

10 

10 

15 

fxA 

HSISOH 

Input Trip Voltage 


1.15 

1.2 

1.3 

1.3 

1.45 

1.4 

V 

AVseT 

AT 

Temperature Coefficient 
of VsET 



±200 


ppm/“C 

■^^[11 


RqUTI. RoUT2. RhYSTI. RhYST2=‘IM^^ 


0.004 


%/V 

lOLK 

Ihlk 

Output Leakage Currents 
on OUT and HYST 

VSET = 0V orVsET^2V 


10 

-10 

200 

-100 

nA 

Iqlk 

Ihlk 

V+=9V, Ta = 70‘’C 

V+=9V,Ta = 70“C 



2000 

-500 

VOUTI 

VOUTI 

Vquti 

Output Saturation Voltages 

V + = 2V, VsETI = 2V, loUTI = 2mA 

V + = 5V, VsETi = 2V, loUTI = 2mA 

V+ = 9V, VsETI == 2V, loUTI = 2mA 


0.2 

0.1 

0.06 

0.5 

0.3 

0.2 

V 

IHBESiHi 

V + =2V, VsET 1 =2V, IhysTI = -0.5mA 

V + = 5V, VsETI — 2V, IhySTI “ —0.5mA 
V+ =9V, VsETI =2V, IhySTI — —0.5mA 


-0.15 

-0.05 

-0.02 

-0.3 

-0.15 

-0.10 

WBSSSM 

mtSSSSSM 

V + = 2V, VsET 2 — OV, loUT 2 “ 2mA 

V + = 5V, VseT 2 — OV, loUT 2 “ 2mA 

V + = 9V, VseT 2 — OV, loUT 2 “ 2mA 


0.2 

0.15 

0.11 

0.5 

0.3 

0.25 


V+ =2V, VseT 2 —2V, IhyST 2 — —0.2mA 
V+ =5V, Vset 2 —2V, IhYST 2 — —0.5mA 
V+ = 9V, VseT 2 — 2V, IhYST 2 — —0.5mA 


-0.25 

-0.43 

0.35 

-0.8 

-1.0 

-1.0 

ISET 

VsET Input Leakage Current 

GND^Vset^V+ 


0.01 

10 

nA 

AVseT 

AVset Input for Complete 
Output Change 

RoUT“4*7kn, RHYST“20kfl 

VoutLO = 1 % V+, VoutHI = 99% V+ 


1 


mV 

VSET1-VSET2 

Difference in Trip Voltages 

Rout. Rhyst = 1 


±5 

±50 

HHHH' 

Output/Hysteresis Difference 

Rout. Rhyst "IM^^ 


±1 



NOTES: 1. Derate above ±25°C ambient temperature at 4mW/°C. 

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than (V+ +0.3V) 
or less than (GND-0.3V) may cause destructive device latchup. For these reason, it is recommended that no inputs from external sources not 
operating from the same power supply be applied to the device before its supply is established, and that in multiple supply systems, the supply to the 
ICL7665 be turned on first. If this is not possible, currents into inputs and/or outputs must be limited to ± 0,5mA and voltages must not exceed those 
defined above. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 

THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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AC ELECTRICAL CHARACTERISTICS 


s 



Output Delay Time 

Input Going HI 

VsET Switched from 1 .OV to 1.6V 

Rout ~ 4.7kn, Cl = 12 pF 

Rhyst ~ 20 kn, Cl = 12 pF 

Output Delay Time 

Input Going LO 

VsET Switched from 1.6V to 1 .OV 

Rout ~ 4.7kn, Cl = 12 pF 

Rhyst ~ 20 kil, Cl = 12 pF 


Output Rise Times 

VsET Switched between 1 .OV and 1.6 V 
Rout ~ 4.7kn, Cl=12 pF 

Rhyst ~ 20 kft, Cl = 12 pF 

Output Fall Times 

VsET Switched between 1 .OV and 1.6 V 
Rout ~ 4.7kn, Cl = 12 pF 

Rhyst ~20kfi, Cl = i2pF 
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DETAILED DESCRIPTION 

As shown in the Functional Diagram, the ICL7665 con¬ 
sists of two comparators which compare input voltages on 
the SET1 and SET2 terminals to an internal 1.3V band-gap 
reference. The outputs from the two comparators drive 
open-drain N-channel transistors for OUT1 and OUT2, and 
open-drain P-channel transistors for HYST1 and HYST2 
outputs. Each section, the Under-Voltage Detector and the 
Over-Voltage Detector, is independent of the other, al¬ 
though both use the internal 1.3V reference. The offset volt¬ 
ages of the two comparators will normally be unequal, so 
VsETi will generally not quite equal Vset2- 

The input impedances of the SET1 and SET2 pins are 
extremely high, and for most practical applications can be 
ignored. The four outputs are open-drain MOS transistors, 
and when ON behave as low resistance switches to their 
respective supply rails. This minimizes errors in setting-up 
the hysteresis, and maximizes the output flexibility. The op¬ 
erating currents of the bandgap reference and the compara¬ 
tors are around 10OnA each. 

PRECAUTIONS 

Junction-isolated CMOS devices like the ICL7665 have 
an inherent SCR or 4-layer PNPN structure distributed 


throughout the die. Under certain circumstances, this can 
be triggered into a potentially destructive high-current 
mode. This latchup can be triggered by forward-biasing an 
input or output with respect to the power supply, or by ap¬ 
plying excessive supply voltages. In very-low current analog 
circuits, such as the ICL7665, this SCR can also be trig¬ 
gered by applying the input power supply extremely rapidly 
(“instantaneously”), e.g. through a low impedance battery 
and an ON/OFF switch with short lead lengths. The rate-of- 
rise of the supply voltage can exceed lOOV/jas in such a 
circuit. A low-impedance capacitor (e.g. O.OSjitF disc ceram¬ 
ic) between the V+ and GrouND pins of the ICL7665 can 
be used to reduce the rate-of-rise of the supply voltage in 
battery applications. In line-operated systems, the rate-of- 
rise of the supply is limited by other considerations, and is 
normally not a problem. 

If the SET voltages must be applied before the supply 
voltage V+, the input current should be limited to less than 
0.5mA by appropriate external resistors, usually required for 
voltage setting anyway. A similar precaution should be tak¬ 
en with the outputs if it is likely that they will be driven by 
other circuits to levels outside the supplies at any time. See 
M011 for some other protection ideas. 


APPLICATIONS 


VOUT 



0322-14 

(a) Circuit Configuration (b) Transfer Characteristics 

Figure 5: Simple Threshold Detector 
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Figure 5 shows the simplest connection of the ICL7665 
for threshold detection. From the graph (b), it can be seen 
that at low input voltages OUT1 is OFF, or high, while OUT2 
is ON, or low. As the input rises (e.g. at power-on) toward 
Vnom (usually the eventual operating voltage), OUT2 goes 
high on reaching Vtr 2 - If the voltage rises above V^qm as 
much as Vjri, OUT 1 goes low. The equations giving Vseti 
and Vset 2 are, from Figure 1 (a): 

Since the voltage to trip each comparator is nominally 
1.3V, the value of V|n for each trip point can be found from 


Vtri=Vsett 


(Rii + R2i)_ 


> (Rii + R 21 ) 


for detector 1 


VtR 2 = VSET2 1.3 for detector 2. 

Ri2 Ri2 

Either detector may be used alone, as well as both to¬ 
gether, in any of the circuits shown here. 

When V|N is very close to one of the trip voltages, normal 
variations and noise may cause it to wander back and forth 
across this level, leading to erratic output ON and OFF con¬ 


ditions. The addition of hysteresis, making the trip points 
slightly different for rising and falling inputs, will avoid this 
condition. 

Figure 6 (a) shows how to set up such hysteresis, while 
Figure 6 (b) shows how the hysteresis around each trip point 
produces switching action at different points depending on 
whether Vin is rising or falling (the arrows indicate direction 
of change). The HYST outputs are basically switches which 
short out R 31 or R 32 when V|n is above the respective trip 
point. Thus if the input voltage rises from a low value, the 
trip point will be controlled by R-|n> Rzn ^^d R 3 n, until the trip 
point is reached. As this value is passed, the detector 
changes state, R 3 n is shorted out, and the trip point be¬ 
comes controlled by only Rin and R 2 n, a lower value. The 
input will then have to fall to this new point to restore the 
initial comparator state, but as soon as this occurs, the trip 
point will be raised again. 

An alternative circuit for obtaining hysteresis is shown in 
Figure 7. In this configuration, the HYST pins put the extra 
resistor in parallel with the upper setting resistor. The values 
of the resistors differ, but the action is essentially the same. 
The governing equations are given in Table 1. These ignore 
the effects of the resistance of the HYST outputs, but these 
can normally be neglected if the resistor values are above 
about 100kn. 
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c) HYSTERESIS PER FIGURE 7 

Over-Voltage Vjrip 

_Rii + R2k 

VU1- □ XVsETI 

Rl1 

. R 21 R 31 

w _ R21 + R3K,w 

Vli- d XVsetI 

R 1 I 


w R 12 +R 22 ,, V/ 

VU 2 X VsET 2 

Under-Voltage Vjrip 

„ , R 22 R 32 

w _ R22+R32.,w 

Vl 2 - _ XVsET 2 

Ri2 
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ICL7665B ADDENDUM TO THE ICL7665 DATASHEET 

ORDERING INFORMATION 


This Addendum to the standard ICL7665B datasheet de¬ 
scribes changes and/or modifications to the DC Operating 
characteristics applicable to the ICL7665B device. The fol¬ 
lowing table indicates those limits to which the ICL7665B Is 
tested and/or guaranteed operational. 


Part Number 

Temperature Range 

Package 

ICL7665BCPA 

ICL7665BCTV 

ICL7665BCJA 

ICL7665BCBA 

Oto +70“C 

Oto +70“C 

Oto +70°C 

Oto +70“C 

8 Lead MiniDIP 

8 Lead TO-99 
8-Lead CERDIP 

8-Lead S.O.I.C. 


ABSOLUTE MAXIMUM RATINGS, ICL7665B 

Supply Voltage.- 0.3V to + 12V 

Output Voltages OUT1 and OUT2 (with respect to GND) 

(Note 2) .-0.3V to +12V 

Output Voltages HYST1 and HYST2 (with respect to V+) 

(Note 2) .+ 0.3V to -12V 

Input Voltages SET1 and SET2 
(Note 2) .(GND -0.3V) to (V+ +0.3V) 


Maximum Sink Output Current OUT 1 and OUT2 _25mA 

Maximum Source Output Current HYST1 


andHYST2 .-25mA 

Power Dissipation (Note 1) . 200mW 

Operating Temperature Range .0 to +70°C 

Storage Temperature Range.— 55“Cto 4-125“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


DC OPERATING CHARACTERISTICS V+ =5V, Ta= +25°C, unless otherwise specified. 



Parameter 

Test Conditions 

Limits 





V+ 

Operating Supply Voltage 

Ta=+25“C 

0^Ta^+70"C 

1.6 

1.8 


■ 


1 + 

Supply Current 

GND^Vseti> VseT2^V + 

All Outputs Open Circuit 

V+=2V 

V+=9V 


2.5 

2.6 

10 

10 

ju,A 

VSETI 

VsET 2 

Input Trip Voltage 


1.15 

1.2 

1.3 

1.3 

1.45 

1.4 

V 

AVseT 

AT 

Temperature Coefficient 
of VsET 



±200 


ppm/®C 

AVset 

AVs 

Supply Voltage Sensitivity 

0^ VsET1. VsET2 

RqUTI. RoUT2. RhYSTI. RHYST2=1Mfl 


0.004 


%/V 

Iqlk 

•hlk 

Output Leakage Currents 
on OUT and HYST 

VsET “ OV or VsET ^ 2V 


10 

-10 

200 

-100 

nA 

Iqlk 

Ihlk 

V+=9V,Ta=70"C 

V+=9V,Ta=70“C 



2000 

-500 
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DC OPERATING CHARACTERISTICS V+ =5V, Ta= +25“C, unless otherwise specified. (Continued) 


Symbol 

Parameter 

Test Conditions 











Output Saturation Voltages 

V + = 2V, VsETI = 2V, loUTI = 2mA 


0.2 

0.5 




V+ =5V. VsET 1 =2V, loUT 1 =2mA 


0.1 

0.3 




V+ = 9V, VsET 1 “ 2V, loUT 1 ~ 2mA 


0.06 

0.25 




V + =2V, VsET 1 =2V, IhySTI = -0.5mA 


-0.15 

-0.3 




V+ =5V, VsET 1 =2V, IhysTI = -0.5mA 


-0.05 

-0.15 


EEjSSHH 


V+ =9V, VsET 1 '=2V, IhySTI “ —0.5mA 


-0.02 

0.15 

V 



V + = 2V, VsET 2 = OV, loUT 2 = 2mA 

■ 






V + = 5V, VsET 2 — OV, loUT 2 — 2mA 







V + = 9V, VsET 2 — OV, loUT 2 “ 2mA 

H 






V+ =2V, VsET 2 —2V, IhYST 2— —0.2mA 


-0.25 

-0.8 




V+ =5V, VsET 2 —2V, IhyST 2 — —0.5mA 


-0.43 

-1 




V+ =9V, VsET 2 —2V, IhYST 2 — —0.5mA 


0.35 

-1 


ISET 

VsET Input Leakage Current 

GNDSVset^V+ 


0.01 

10 

nA 

AVset 

AVset input for Complete 

Rout— 4.7kft, Rhyst— 20kiii 


1 




Output Change 

Vout1-0=1% V+. VoutHI = 99% V+ 





VSET1-VSET2 

Difference in Trip Voltages 

Rout. Rhyst= 1 


±5 



Output/Hysteresis Difference 

Rout. Rhyst^im^^ 


±1 




NOTES: 1. Derate above ±25*0 ambient temperature at 4mW/®C. 

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than (V+ +0.3V) 
or less than (GND-0.3V) may cause destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating 
from the same power supply be applied to the device before its supply is established, and that in muitiple supply systems, the supply to the ICL7665B 
be turned on first. If this is not possible, currents into inputs and/or outputs must be limited to ± 0.5mA and voltages must not exceed those defined 
above. 
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ICL7665S 

CMOS Micropower Over/Under 
Voltage Detector 



GENERAL DESCRIPTION 

The ICL7665S Super CMOS Micropower Over/Under Voltage 
Detector contains two low power, individually programmable 
voltage detectors on a single CMOS chip. Requiring typically S^A 
for operation, the device is intended for battery-operated sy^ems 
and instruments which require high or low voltage warnings, set- 
table trip points, or fault monitoring and correction. The trip points 
and hy^eresis of the two voltage detectors are Individually pro¬ 
grammed via external resistors. An internal bandgap-type refer¬ 
ence provides an accurate threshold voltage while operating 
from any supply in the 1.6V to 16V range. 

The Intersil ICL7665S, Super Programmable Over/Under 
Vdtage Detector is a direct replacement for the industry standard 
ICL7665B offering w/der operating voltage and temperature 
ranges, /mproved threshold accuracy (ICL7665SA), and temper¬ 
ature coefficient, guannt99d maximum supply current, and E$D 
protection in excess of 2000V on ail pins. All improvements are 
highlighted in bold italics in the electrical characteristics section. 
AM crltlcel perameters are guarantaad over the antira com- 
marclal and induatrtal tamparatura rangaa. 



FEATURES 

• Guaranteed 10^ Maximum Quleacant Current over 
Temperature 

• Guaranteed Wider Operating Voitage Range over Entire 
Operating Temperature Range 

• 2% Threshold Accuracy (ICL7665SA) 

• Dual Comparator with Precision Internal Reference 

• 100 ppm/*C Temperature Coefficient of Threshold Voltage 

• /mproved Direct Replacement for Industry-Standard 
iCL7665B and Other ^ond-Source Devices 

• Up to 20mA Output Currant Sinking Ability 

• Individually Programmable Upper and Lower THp Voltages 
and Hysteresis Levels 

• Enhanced ESD Protection, >2000V 

APPLICATIONS 


• Pocket Pagers 

• Portable Instrumentation 

• ChargingSystems 

• Memory Power Back-Up 

• Battery-Operated Systems 

• Portable Computers 

• Level Detectors 


ORDERING INFORMATION 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ICL7665SCBA 

ICL7665SCPA 

ICL7665SCJA 

ICL7665SCTV 

ICL7865SACPA 

ICL7665SACJA 

ICL7665SACTV 

0«C to +70«C 

8 Lead SOIC 

8 Lead Minidip 
8LeadCERDIP 
TO-99 

8 Lead Minidip 
8LeadCERDiP 
TO-99 

ICL7665SIBA 

ICL7665SIPA 

ICL7665SIJA 

ICL7665SITV 

ICL7665SAIPA 

ICL7665SAJA 

ICL7665SAITV 

-25®Cto +85®C 

8 Lead SOiC 

8 Lead Minidip 

8 Lead CERDIP 
TO-99 

8 Lead Minidip 

8 Lead CERDIP 
TO-99 



*Sm Optriling Charac<trl»lie$ for exact ttirettiotd*. 


Figure 2: Functional Diagram 
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^DiFiinnii^DiL 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Note 2) .-0.3V to +18V 

Output Voltages OUT1 and OUT2 (with respect to GND) 

(Note 2).-0.3V to +18V 

Output Voltages HYST1 and HYST2 (with respect to V +) 

(Note 2).-0.3V to +18V 

Input Voltages SET1 and SET2 

(Note 2).(GND-0.3V) to (V + +0.3V) 

Maximum Sink Output OUT1 and OUT2.25mA 

Maximum Source Output Current HYST1 and HYST2. -25mA 


Lead Temperature (Soldering, 10 sec).300®C 

Storage Temperature Range.-65®C to 150®C 

Operating Temperature Range 

ICL7665SC .0®Cto70®C 

ICL7665SI.-25®Cto -i-85®C 

Total Power Dissipation (Notel) 

SOIC.200mW 

Minidip.200mW 

T0-99Can .300mW 

CERDIP.500mW 


Stresses abwe those listed under "Absolute Maximum Ratings ’ ’ may cause permanent damam to the device. These are stress ratings only and functional operation 
of the device at these or any odier conditions above dtose indicated In die operational sections of the specificadons is notimpiled. Exposure to absoiute maximum rating 
conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: The specifications below are applicable to both the ICL7665S and ICL7665SA unless 

otherwise stated. 

V + as 5V, Ta * 25®C, Test circuit Figure 3 unless otherwise stated. 


pun 



Limits 



Parameter 

Test Conditions 

Min 

TVP_ 

Max 

Units 


Operating Supply Voltage 

ICL7665S 

T;, - 25«C 

1.6 

■■ 


V 



0®C< +70®C 

1.8 



V 



-25®C< +85®C 

1.8 



V 



ICL7665SA 

0^C<Tf^< +70“C 

1.8 



V 



-25®C< +85®C 

1.8 



V 

r 

Supply Current 

QND<VseT1.VsET2<V» 

All Outputs open Circuit 







0®C< T^< +70»C 

V+ - 2V 


2.5 

10 

^iA 



V+ = 9V 


2.6 

10 

mA 



V+ - 15V 

-25*C< T^< +85®C 


2.9 

10 

pA 



=a 2V 


2.5 

10 

pA 



V* s 9V 


2.6 

10 

mA 



V* s 1SV 


2.9 

10 

mA 


Input Trip Voltage 

ICL7665S 





VsETl 



1.15 

1.3 

1.45 

HI 

^SET2 


ICL7665SA 

1.2 

1.3 

1.4 

H 

^SETI 




1.30 

1.325 


^SET2 



Ell 

1.30 

1.375 

B 

AVsff 

Temperature Coefficient of Vgg^ 

ICL7665S 


200 



AT 


/CL7665S4 


100 


ISI 

^'^SET 

Supply Voltage Sensitivity of Vseji , 

f^OUTl- f^OUTa- ^HYSTI' ^2HYST2 “ 





AVs 


2V< V+ < 10V 


0.03 


■1 

•OLK 

•hlk 

Output Leakage Currents of OUT and HYST 

VggT » OVorVgET > 2V 


10 

-10 

200 

-100 

m 

'OLK 

'hlk 


V+ = 15V. = 70®C 



2000 

-500 

nA 


Output Saturation Voltages 

'^SETi “ 2V. Iquti “ 2mA 

miiii 


WKM 

■■ 

'^OUTI 


V+ . 2V 


0.2 


HI 

'^OUTI 


V+ = 5V 


0.1 


HH 

'^OUTI 


V" = 15V 

■ 

0.06 


n 
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ELECTRICAL CHARACTERISTICS (cont.) : The specifications below are applicable to both the ICL7665S and 

ICL7665SA unless otherwise stated. 

V+ * 5V, « 25*C, Test circuit Figure 3 unless otherwise stated. 


mm 

Parameter 

Test Conditions 

HHDESEHHH 

Units 

EB 

KB 


■■■■■ 

Output Saturation Voltages 

'^SETI “ 2V, Ihysti * -0.5mA 





'^HYSTI 


V-^ -2V 


-0.15 

-0.13 

V 

^HYSTI 


V+ -5V 


-0.05 

-0.15 

V 

'^HYSTI 


V-^ « 15V 


-0.02 

-0.10 

V 


Output Saturation Voltages 

'^SETZ * •ouTz * 2mA 

■Hji 



■■ 

VoUT2 


V+ a2V 





'^OUTZ 


< 

+ 

II 


0.15 



Vqutz 


V+ -15V 


0.11 


H 


Output Saturation Voltages 

VsET 2 = 2V 





'^HYSTZ 


V+ « 2V. Ihystz = -0.2mA 


-0.25 

-0.8 


'^HYSTZ 


V+ -5V.Ihyst 2“ -0.5mA 


-0.43 

-1.0 




V-^ » 15V. Ihystz • -0.5mA 


-0.36 

-0.8 

V 

•set 

VsET Leakage Current 

GND< VsET< 


±0.01 


< 

c 


A Input for Comploto Output Change 

Rqut “ 4.7kfl, R^yst “ 20kn 



IBI 




VoutL-O = 1% V •". VqutHI « 99% V + 







ICL7665S 




mV 



/CL7665SA 


KB 

IBI 

mV 

''sET1“''sET2 

Difference in Trip Voltages 

Rqut* f^HYsr “ 


m 

±50 

mV 

____ 

Output/Hyataraala DIthranca 

RqUT’ ^hyst *• 


mm 

■■■ 




ICL7665S 


HjH 


mV 

iHHI 


ICL766SSA 

■ 


BB 

mV 


NOTE 1: Derate above ±25**C ambient temperature at 4mW/<*C. 

2: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than (V -i-O.SV} 
or less than (GND -O-SV) may cause destructive device latchup. For these reasons, it is recommended that no inputs from external sources not operating 
from the same power supply be applied to the device before its supply is established, and that in multiple supply systems, the supply to the ICL7665S 
be turned on first. If this is not possible, currents into inputs and/or outputs must be limited to ±0.5mA and voltages must not exceed those defined above. 

3: All significant improvements over the industry-standard ICL7665 are highlighted in bold italics. 


v+ 
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P 


liiHBiiHBri 



1 

SB! 

















■ 

SI^BIISIII 



IBSSBSmi 



Figure 4: Switching Waveforms 


A.C. ELECTRICAL CHARACTERISTICS 


Symbol 

Paramotor 

Teat Conditions 




Units 

Km 

auTB 


^td 

*SHtd 

<S02d 

*SH2d 

Output Delay Times 

Input Going HI 

VsET Switched between 1.0V to 1.6V 
RouT-4.7kO.CL-12pF 

RHYST-20kO.CL-12pF 


85 

90 

55 

55 

■ 

MS 

*SOld 

*8Hid 

^$02d 

^SH2d 

input Going LO 

VsET Switched between 1.6V to 1.0V 
RouT-^-7kO.CL«12pF 
^HYST “ 20kn, Cl ■ 12pF 

■ 

75 

80 

60 

60 

1 

MS 

imi 

Output Rise Times 

VsET Switched between 1.0V to 1.6V 

Rout-47I<0,Cl-12pF 

R„Ygr-20kO.CL-12pF 


0.6 

0.8 

75 

0.7 

1 

MS 

*Olf 

t02f 

*H1f 

*H2f 

Output Fall Times 

VsET Switched between 1.0V to l.ev 

Root « 4.7k0. Cl • i2pF 
RHYsr-20k0.CL-12pF 

■ 

m 

■ 

fl 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OUT1 SATURATION VOLTAGE AS A OUT2 SATURATION VOLTAGE AS A HYST1 OUTPUT SATURATION VOLTAGE 

FUNCTION OF OUTPUT CURRENT FUNCTION OF OUTPUT CURRENT vt HYSTI OUTPUT CURRENT 


-20 -16 -12 -8 -4 0 



Io«tOUT 1 (mA) lo«T OUT2 (mA) HYSTI OUTPUT CURRENT (mA) 


HYST2 OUTPUT SATURATION VOLTAGE SUPPLY CURRENT AS A SUPPLY CURRENT AS A 

vt HYST2 OUTPUT CURRENT FUNCTION OF AMBIENT TEMPERATURE FUNCTION OF SUPPLY VOLTAGE 

-5.0 -4.0 -3.0 -2.0 -1.0 0 



HYST2 OUTPUT CURRENT (mA) AMBIENT TEMPERATURE (*C) SUPPLY VOLTAGE (V^) 
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ICL7665S 


DETAILED DESCRIPTION 

As Shown in the Functional Diagram, Figure 2, the ICL7665S 
consists of two comparators which compare input voltages on the 
SET 1 and SET2 terminals to an internal 1 band-gap reference. 
The outputs from the two comparators drive open-drain N-chan- 
nel transistors for OUT 1 and OUT2, and open-drain P-channel 
transistors for HYST1 and HYST2 outputs. Each section, the 
Under-Voltage Detector and the Over-Voltage Detector, is inde¬ 
pendent of the other, although both use the Internal 1.3V refer¬ 
ence. The offset voltages of the two comparators will normally be 
unequal so Vseti ^*11 generally not quite equal Vset^* 

The input Impedances of the SET1 and SET2 pins are 
extremely high, and for most practical applications can be 
ignored. The four outputs are open-drain MOS transistors, and 
when ON behave as low resistance switches to their respective 
supply rails. This minimizes errors in setting-up the hysteresis, 
and maximizes the output flexibility. The operating currents of the 
bandgap reference and the comparators are around lOOnAeach. 

PRECAUTIONS 

Junction-isolated CMOS devices like the ICL7665S have an 
inherent SCR or 4-layer PNPN structure distributed throughout 
the die. Under certain circumstances, this can be triggered Into 
a potentially destructive high-current mode. This latchup can be 
triggered by forward-biasing an input or output with resp^ to the 
power supply, or by applying excessive supply voltages. In very- 
low current analog circuits, such as the iCL7665S, this SCR can 
also be triggered by applying the input power supply extremely 
rapidly ("instantaneously”), e.g. through a low impedance bat¬ 
tery and an ON/OFF switch with short lead lengths. The rate-of- 
rise of the supply voltage can exceed lOOV/^ in such a circuit. A 
low-impedance capacitor (e.g. 0.05^F disc ceramic) between the 
V* and QrouND pins of the ICL7665S can be used to reduce the 
rate-of-rise of the supply voltage in battery applications. In line- 
operated systems, the rate-of-rise of the supply is limited by other 
considerations, and is normally not a problem. 

If the SET voltages must be applied before the supply voltage 
V*, the input current should be limited to less than 0.5mA by 
appropriate external resistors, usually required for voltage setting 
anyway. A similar precaution should be taken with the outputs if 
it is likely that they will be driven by other circuits to levels outside 
the supplies at any time. See M011 for some other protection 
ideas. 


SIMPLE THRESHOLD DETECTOR 


Figure 5 shows the simplest connection of the ICL7665S for 
threshold detection. From the gr^h (b), it can be seen that at low 
Input voltages OUTI is OFF, or high, while OUT2 is ON, or low. As 
the input rises (e.g. at power-on) toward Vf^oM (usually the even¬ 
tual operating voltage), OUT2 goes high on reaching V-|-p 2 > if the 
voltage rises above V^^qm ^ as Vjp.|, OUTI goes low. The 

equations giving Vseti Vset 2 Figure 5 (a): 


Since the voltage to trip each comparator is nominally 1 .3V, the 
value V|N for each trip point can be found from 


Vtri » Vseti 


(Rii R21) 
^11 


(R 11 + R 21 ) 

1.3 -for detector 1 

R 11 


and 

\/ _ V/ (^12 **■ ^22) (^12 + ^22) 

''TR2 * ''SET2-a 1.3 -for detector 2 

Ri2 Ri2 

Either detector may be used alone, as well as both together, in 
any of the circuits shown here. 

When V||g is very close to one of the trip voltages, normal varia¬ 
tions and noise may cause it to wander back and forth across this 
level, leading to erratic output ON and OFF conditions. The addi¬ 
tion of hysteresis, making the trip points slightly different for rising 
and falling inputs, will avoid this condition. 

THRESHOLD DETECTOR WITH 
HYSTERESIS 

Figure 6 (a) shows how to set up such hysteresis, while Figure 
6 (b) shows how the hysteresis around each trip point produces 
switching action at different points depending on whether V|m is 
rising or falling (the arrows indicate direction of change). The 
HYST outputs are basically switches which short out R 31 or R 32 
when V|N is above the respective trip point. Thus If the input 
voltage rises from a low value, the trip point will be controlled by 
Rin, R 2 n< and R 3 r^, until the trip point is reached. As this value is 



(a) Circuit Configuration 


Figure 5: Simpie Threshoid Detector 


(b) Transfer Characteristics 
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^DIFsinnii^DIL 


APPLICATIONS 




(a) Circuit Configuration (b) transfer Characteristics 

Figure 6: Threshold Detector with Hysteresis 


.R1 

ViN 

-^- 

v+ 

T 


o-L- 

0UT1 0UT2 

—I_o ; 


1 Rji 


vvl 


1 

ICL766SS 




SET1 SET2 



X 

4 

j 

L 

Figure 7: An Alternative Hysteresis Circuit 


Tabie 1: Set-Point Equations 


a) NO HYSTERESIS 

Rl1 + R 21 

Over-Vbitage Vtrip = —--x Vseti 

R 11 

Ri2 + ^22 

Over-Vbitage VjRip = —--x Vset2 

R12 

b) HYSTERESIS PER FIGURE 6A 

R 11 + R 21 + R 31 

Vui * - z -X VsET 1 

R 11 

Over-Voltage Vjpip 

^11 + 

Vli = I X VSEJ1 

^11 

^12 ^22 + ^32 

Vu2 = o * ''SET2 

H12 

Under-Voltage V^rip 

Ri2 + R 22 

^L2 = o * ''sET2 

"12 


c) HYSTERESIS PER FIGURE 7 

R11 + R21 

X Vseti 

Over-Voltage Vjpip 

- R 

"11 

R21R31 


+"31 

X Vseti 


“ R 

"11 


Ri2 + R22 

* VseT2 

Under-Voltage V^pip 

''U2 = " R 

"12 

R22R32 


R22+R32 

X VseT2 


Vl 2 = 

Ri2 
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THRESHOLD DETECTOR WITH 
HYSTERESIS (cont.) 

passed, the detector changes state, R 3 n is shorted out, and the 
trip point becomes controlled by only and R 2 n> a lower value. 
The input will then have to fall to this new point to restore the initial 
comparator state, but as soon as this occurs, the trip point will be 
raised again. 

An alternative circuit for obtaining hysteresis is shown in Fig¬ 
ure 7. In this configuration, the HYST pins put the extra resistor in 
parallel with the upper setting resistor. The values of the resistors 
differ, but the action is essentially the same. The governing equa¬ 
tions are given in Table 1 . These ignore the effects of the resis¬ 
tance of the HYST outputs, but these can normally be neglected 
if the resistor values are above about 100 k&. 

APPLICATIONS 

Single Supply Fault Monitor 

Figure 8 shows an over/under-voltage fault monitor for a single 
supply. The over-voltage trip point is centered around 5.5V and 
the under-voltage trip point is centered around 4.5V Both have 


some hysteresis to prevent erratic output ON and OFF condi¬ 
tions. The two outputs are connected in a wired OR configuration 
with a pullup resistor to generate a power OK signal. 

Multiple Supply Fault Monitor 

The ICL7665S can simultaneously monitor several supplies 
when connected as shown in Figure 9. The resistors are chosen 
such that the sum of the currents through R 21 A. Raie* ^31 is 
equal to the current through R 11 when the two input voltages are 
at the desired low voltage detection point. The current through 
R 11 at this point is equal to 1 .3V/Rii. The voltage at the Vggj input 
depends on the voltage of both supplies being monitored. The 
trip voltage of one supply while the other supply is at the nominal 
voltage will be different than the trip voltage when both supplies 
are below their nominal voltages. 

The other side of the iCL7665S can be used to detect the 
absence of negative supplies. The trip points for OUT 1 depend 
on both the negative supply voltages and the actual voltage of the 
-F5V supply. 




Figure 8: Fault Monitor for a Single Supply 


Figure 9: Multiple Supply Fault Monitor 
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Combination Low Battery Warning and 
Low Battery Disconnect 

When using rechargeable batteries in a system, it is important 
to keep the batteries from being overdischarged. The circuit 
shown in Figure 10 provides a low battery warning and also dis¬ 
connects the low battery from the rest of the system to prevent 
damage to the battery. OUT1 is used to shutdown the iCL7663S 
when the battery voltage drops to the value where the load should 
be disconnected. As long as Vseji ‘S greater than 1.3V, OUT1 is 
low, but when Vseti below 13V, OUTI goes high, shutting 
off the ICL7663S. OUT2 is used for low battery warning. When 
Vset 2 is greater than 13V, OUT2 is high and the low battery warn¬ 
ing is on. When Vset 2 drops below 1.3V, OUT2 is low and the low 
battery warning goes off. The trip voltage for low battery warning 
can be set higher than the trip voltage for shutdown to give 
advance low battery warning before the battery is disconnected. 

Power Fail Warning and 
Powerup/Powerdown Reset 

Figure 11 shows a power fail warning circuit with powerup/ 
powerdown reset. When the unregulated DC input is above the 
trip point, OUTI is low. When the DC input drops below the trip 
point, OUTI shuts OFF and the power fail warning goes high. The 
voltage on the input of the 7805 decays at a rate of Iq^j/C. Since 
the 7805 will continue to provide 5V out at 1A until V||^J is less 
than 7.3V, this circuit will provide a certain amount of warning 
before the 5V output begins to drop. 


The ICL7665S OUT2 is used to prevent a microprocessor from 
writing spurious data to a CMOS battery backup memory by 
causing OUT2 to go low when the 7805 5V output drops below 
the tCL7665S trip point. 

Simple High/Low Temperature Alarm 

Figure 12 illustrates a simple high/low temperature alarm 
which uses the ICL7665S with an NPN transistor. The voltage at 
the top of is determined by the Vg^ of the transistor and the 
position of Ri's wiper arm. This voltage has a negative tempera¬ 
ture coefficient. Ri is adjusted so that Vg^ equals 1.3V when 
the NPN transistor’s temperature reaches the temperature 
seiected for the high temperature alarm. When this occurs, OUT2 
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goes low. R 2 is adjusted so that Vseti equals 1 .SV when the NPN 
transistor’s temperature reaches the temperature selected for the 
low temperature alarm. When the temperature drops below this 
limit, OUT1 goes low. 

AC Power Fail and Brownout Detector 

Figure 13 shows a circuit that detects AC undervoltage by mon¬ 
itoring the secondary side of the transformer. The capacitor, , 
is charged through when OUT1 is OFF. With a normal 110 VAC 
input to the transformer, OUT1 will discharge Ci once every 
cycle, approximately every 16.7 ms. When the AC input voltage 
is reduced, OUTI will stay OFF, so that C^ does not discharge. 
When the voltage on Ci reaches 1.3V, OUT2 turns OFF and the 
power fail warning goes high. The time constant, RiCi, is chosen 
such that it takes longer than 16.7 ms to charge Ci 1.3V. 

For a more comprehensive AC power fail circuit, refer to Inter¬ 
sil’s new ICL7677 monolithic power fail detector. 
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ICL7667 

Dual Power 
MOSFET Driver 



GENERAL DESCRIPTION 


FEATURES 


The ICL7667 is a dual monolithic high-speed driver de¬ 
signed to convert TTL level signals into high current outputs 
at voltages up to 15V. Its high speed and current output 
enable it to drive large capacitive loads with high slew rates 
and low propagation delays. With an output voltage swing 
only millivolts less than the supply voltage and a maximum 
supply voltage of 15V, the ICL7667 is well suited for driving 
power MOSFETs in high frequency switched-mode power 
converters. The iCL7667’s high current outputs minimize 
power losses in the power MOSFETs by rapidly charging 
and discharging the gate capacitance. The ICL7667’s inputs 
are TTL compatible and can be directly driven by common 
pulse-width modulation control IC’s. 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7667CBA 

ICL7667CPA 

ICL7667CJA 

ICL7667CTV 

0“Cto +70“C 

8-Pin SOIC 

8-Pin Piastic 
8-Pin Cerdip 
TO-99 Can 

ICL7667MTV* 

ICL7667MJA* 

-55“CtO +125‘*C 

TO-99 Can 
8-Pin Cerdip 


♦Add /883B to Part Number for 883B processing. 


• Fast Rise and Fall Times 

— 30ns With lOOOpF Load 

• Wide Supply Voltage Range 

— Vcc = 4.5 to 15V 

• Low Power Consumption 

— 4mW With Inputs Low 

— 120mW With Inputs High 

• TTL/CMOS Input Compatible Power Driver 

— RoUT~7n typ 

• Direct interface With Common PWM Control IC’s 

• Pin Equivalent to DS0026/DS0056; TSC426 


TYPICAL APPLICATIONS 

• Switching Power Supplies 

• DC/DC Converters 

• Motor Controllers 
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Figure 1: Functional Diagram 
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Figure 2: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage V + to V~ .15V 

Input Voltage .(V- -0.3V) to (V+ + 0.3V) 

Package Dissipation, Ta= 25®C . 500mW 

Linear Derating Factors 

TO-99 Plastic Cerdip 

6.7mW/‘»C 5.6mW/'’C 6.7mW/“C 

above 50”C above 36°C above50®C 


Storage Temperature .-65“C to +1 SO^C 

Operating Temperature Range 

ICL7667C .0‘’Cto+70‘*C 

ICL7667M .-55"Cto+125"C 

Lead Temperature (Soldering, lOsec) . 300“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings ’’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliabiiity. 


ELECTRICAL CHARACTERISTICS (STATIC) 


Symbol 

Parameter 

Test Conditions 

ICL7667C,M 

ICL7667M 

Units 

Ta = 25X 

-55“C^Ta^ + 125“C 

Min 

Typ 

Max 

Min 

Typ 

Max 


Logic 1 input Voltage 

Vcc = 4.5V 

2.0 



2.0 



mm 

V|H 

Logic 1 Input Voltage 

Vcc=15V 

2.0 



2.0 



D 

V|L 

Logic 0 Input Voltage 

Vcc = 4.5V 



0.8 



E9 


V|L 

Logic 0 Input Voltage 

Vcc=15V 



0.8 




V 

l|L 

Input Current 

Vcc=15V, V|N = 0V and 15V 

-0.1 


0.1 

-0.1 




VOH 

Output Voltage High 

Vcc=4.5V and 15V 

Vcc-0.05 

Vcc 


Vcc-0.1 



V 

VoL 

Output Voltage Low 

Vcc= 4.5V and 15V 


0 

0.05 



m 

V 

Rout 

Output Resistance 

V|n = V|l, loUT=-10niA, 
Vcc=15V 


7 

10 









8 

12 


■ 



icc 

Power Supply Current 

Vcc= 15V, V|N = 3V both inputs 


5 

7 



8 


icc 

Power Supply Current 

Vcc = 15V, V|N = OV both inputs 


150 

400 



Q9I 



ELECTRICAL CHARACTERISTICS (DYNAMIC) 




Test Conditions 

ICL7667C,M 

ICL7667M 


Ta = 25X 

~55X^Ta^ + 125X 

Min 




BjS9 


TD2 


Figure 3 


35 

50 



60 

ns 

Tr 


Figure 3 


20 

30 



40 

ns 

Tf 


Figure 3 


20 

30 



40 

ns 

Tdi 


Figure 3 


20 

30 



40 

ns 
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Typical Performance Characteristics 
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DETAILED DESCRIPTION 

The ICL7667 is a dual high-power CMOS inverter whose 
inputs respond to TTL levels while the outputs can swing as 
high as 15V. Its high output current enables it to rapidly 
charge and discharge the gate capacitance of power MOS- 
FETs, minimizing the switching losses in switchmode power 
supplies. Since the output stage is CMOS, the output will 
swing to within millivolts of both ground and Vcc without 
any external parts or extra power supplies as required by 
the DS0026/56 family. Although most specifications are at 
Vcc=‘l5V, the propagation delays and specifications are 
almost independent of Vcc- 

In addition to power MOS drivers, the ICL7667 is well 
suited for other applications such as bus, control signal, and 
clock drivers on large memory of microprocessor boards, 
where the load capacitance is large and low propagation 
delays are required. Other potential applications include pe¬ 
ripheral power drivers and charge-pump voltage inverters. 
INPUT STAGE 

The input stage is a large N-channel FET with a P-chan- 
nel constant-current source. This circuit has a threshold of 
about 1.5V, relatively independent of the Vcc voltage. This 
means that the inputs will be directly compatible with TTL 
over the entire 4.5-15V Vcc range. Being CMOS, the in¬ 
puts draw less than l/xA of current over the entire input 
voltage range of ground to Vcc- The quiescent current or no 
load supply current of the ICL7667 Is affected by the Input 
voltage, going to nearly zero when the inputs are at the 0 
logic level and rising to 7mA maximum when both inputs are 
at the 1 logic level. A small amount of hysteresis, about 50 - 
lOOmV at the input, is generated by positive feedback 
around the second stage. 

OUTPUT STAGE 

The ICL7667 output Is a high-power CMOS inverter, 
swinging between ground and Vcc- At Vcc = 15V, l^e out¬ 
put impedance of the inverter Is typically 7fl. The high peak 
current capability of the ICL7667 enables it to drive a 
lOOOpF load with a rise time of only 40ns. Because the 
output stage impedance is very low, up to 300mA will flow 
through the series N- and P-channel output devices (from 
Vcc ground) during output transitions. This crossover cur¬ 
rent is responsible for a significant portion of the internal 
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power dissipation of the ICL7667 at high frequencies. It can 
be minimized by keeping the rise and fall times of the input 
to the ICL7667 below 1 jas. 

APPLICATION NOTES 

Although the ICL7667 is simply a dual level-shifting invert¬ 
er, there are several areas to which careful attention must 
be paid. 

GROUNDING 

Since the input and the high current output current paths 
both include the ground pin, it is very important to minimize 
any common impedance in the ground return. Since the 
ICL7667 is an inverter, any common impedance will gener¬ 
ate negative feedback, and will degrade the delay, rise and 
fall times. Use a ground plane if possible, or use separate 
ground returns for the input and output circuits. To minimize 
any common inductance in the ground return, separate the 
input and output circuit ground returns as close to the 
ICL7667 as is possible. 

BYPASSING 

The rapid charging and discharging of the load capaci¬ 
tance requires very high current spikes from the power sup¬ 
plies. A parallel combination of capacitors that has a low 
impedance over a wide frequency range should be used. A 
4.7jLtF tantalum capacitor in parallel with a low inductance 
0.1 juiF capacitor is usually sufficient bypassing. 

OUTPUT DAMPING 

Ringing is a common problem in any circuit with very fast 
rise or fall times. Such ringing will be aggravated by long 
inductive lines with capacitive loads. Techniques to reduce 
ringing include: 

1) Reduce inductance by making printed circuit board 
(races as short as possible. 

2) Reduce Inductance by using a ground plane or by 
closely coupling the output lines to their return 
paths. 

3) Use a 10 to 30n resistor in series with the output of 
the ICL7667. Although this reduces ringing, it will 
also slightly increase the rise and fall times. 

4) Use good bypassing techniques to prevent supply 
voltage ringing. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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POWER DISSIPATION 

The power dissipation of the ICL7667 has three main 
components: 

1) Input inverter current loss 

2) Output stage crossover current loss 

3) Output stage |2R power loss 

The sum of the above must stay within the specified limits 
for reliable operation. 

As noted above, the input inverter current is input voltage 
dependent, with an Ice of 0.2mA maximum with a logic 0 
input and 6mA maximum with a logic 1 Input. 

The output stage crowbar current is the current that flows 
through the series N- and P-channel devices that form the 
output. This current, about 300mA, occurs only during out¬ 
put transitions. Caution: The Inputs should never be al¬ 
lowed to remain between V|i_ and Vm since this could leave 
the output stage in a high current mode, rapidly leading to 
destruction of the device. If only one of the drivers is being 
used, be sure to tie the unused input to a ground. NEVER 
leave an input floating. The average supply current drawn 
by the output stage is frequency dependent, as can be seen 
in Ice vs. Frequency graph In the Typical Characteristics 
Graphs. 

The output stage |2R power dissipation Is nothing more 
than the product of the output current times the voltage 
drop across the output device. In addition to the current 
drawn by any resistive load, there will be an output current 
due to the charging and discharging of the load capaci¬ 
tance. In most high frequency circuits the current used to 
charge and discharge capacitance dominates, and the pow¬ 
er dissipation is approximately 

PAC = CVcc2f 

Where C=Load Capacitance 
f= Frequency 

In cases where the load is a power MOSFET and the gate 
drive requirements are described in terms of gate charge, 
the ICL7667 power dissipation will be 

PAC = QGVccf 

Where Qq = Charge required to switch the gate, in 
Coulombs. 
f= Frequency 


is dissipating significant amounts of power. The very high 
current output of the ICL7667 is able to rapidly overcome 
this high capacitance and quickly turns the MOSFET fully 
on or off. 



0 2 4 6 8 10 12 14 16 18 20 
Qq - NANO COULOMOS 
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Figure 4: MOSFET Gate Dynamic 
Characteristics 


DIRECT DRIVE OF MOSFETs 

Figure 6 shows interfaces between the ICL7667 and typi¬ 
cal switching regulator ICs. Note that unlike the DS0026, 
the ICL7667 does not need a dropping resistor and speed¬ 
up capacitor between it and the regulator IC. The ICL7667, 
with its high slew rate and high voltage drive can directly 
drive the gate of the MOSFET. The 1527 IC Is the same as 
the 1525 IC, except that the outputs are inverted. This inver¬ 
sion is needed since ICL7667 is an inverting buffer. 
TRANSFORMER COUPLED DRIVE OF 
MOSFETs 

Transformers are often used for isolation between the 
logic and control section and the power section of a switch¬ 
ing regulator. The high output drive capability of the 
ICL7667 enables it to directly drive such transformers. Fig¬ 
ure 6 shows a typical transformer coupled drive circuit. 
PWM ICs with either active high or active low outputs can 
be used in this circuit, since any inversion required can be 
obtained by reversing the windings on the secondaries. 

BUFFERED DRIVERS FOR MULTIPLE 
MOSFETs 



POWER MOS DRIVER CIRCUITS 

POWER MOS DRIVER REQUIREMENTS 

Because it has a very high peak current output, the 
ICL7667 excels at driving the gate of power MOS devices. 
The high current output is important since it minimizes the 
time the power MOS device is In the linear region. Figure 4 
is a typical curve of charge vs. gate voltage for a power 
MOSFET. The flat region Is caused by the Miller capaci¬ 
tance, where the drain-to-gate capacitance Is multiplied by 
the voltage gain of the FET. This increase in capacitance 
occurs while the power MOSFET is in the linear region and 


In very high power applications which use a group of 
MOSFETs in parallel, the input capacitance may be very 
large and it can be difficult to charge and discharge quickly. 
Figure 8 shows a circuit which works very well with very 
large capacitance loads. When the Input of the driver is 
zero, 01 Is held in conduction by the lower half of the 
ICL7667 and 02 is clamped off by 01. When the input goes 
positive, Q1 is turned off and a current pulse is applied to 
the gate of 02 by the upper half of the ICL7667 through the 
transformer, T1. After about 20ns, T1 saturates and 02 is 
held on by Its own Cgs and the bootstrap circuit of Cl, D1 
and R1. This bootstrap circuit may not be needed at fre¬ 
quencies greater than 10kHz since the input capacitance of 
Q2 discharges slowly. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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Figure 5: Direct Drive of MOSFET Gates 



CA CB V|N 


EA 

47ol 

SG1524 

j 

EB 

1 


v+ MmF 





Figure 6: Transformer Coupied Drive Circuit 
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OTHER APPLICATIONS 

RELAY AND LAMP DRIVERS 

The ICL7667 is suitable for converting iow power TTL or 
CMOS signals into high current, high voltage outputs for 
relays, lamps and other loads. Unlike many other level 
translator/driver ICs, the ICL7667 will both source and sink 
current. The continuous output current is limited to 200mA 
by the |2 r power dissipation in the output FETs. 

CHARGE PUMP OR VOLTAGE INVERTERS 
AND DOUBLERS 

The low output impedance and wide Vcc range of the 
ICL7667 make it well suited for charge pump circuits. Figure 


8 shows a typical charge pump voltage inverter circuit and a 
typical performance curve. A common use of this circuit is 
to provide a low current negative supply for analog circuitry 
or RS232 drivers. With an input voltage of +15V, this circuit 
will deliver 20mA at -12.6V. By Increasing the size of the 
capacitors, the current capability can be increased and the 
voltage loss decreased. The practical range of the input fre¬ 
quency Is 500Hz to 250kHz. As the frequency goes up, the 
charge pump capacitors can be made smaller, but the Inter¬ 
nal losses in the ICL7667 will rise, reducing the circuit effi¬ 
ciency. 

Figure 9, a voltage doubler, is very similar in both circuitry 
and performance. A potential use of Figure 8 would be to 
supply the higher voltage needed for EEPROM or EPROM 
programming. 

CLOCK DRIVER 

Some microprocessors (such as the 68XX and 65XX fam¬ 
ilies) use a clock signal to control the various LSI peripher¬ 
als of the family. The ICL7667’s combination of low propa¬ 
gation delay, high current drive capability and wide voltage 
swing make it attractive for this application. Although the 
ICL7667 is primarily intended for driving power MOSFET 
gates at 15V, the ICL7667 also works well as a 5V high¬ 
speed buffer. Unlike standard 4000 series CMOS, the 
ICL7667 uses short channel length FETs and the ICL7667 
is only slightly slower at 5V than at 15V. 
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GENERAL DESCRIPTION 

The Intersil ICL7673 is a monolithic CMOS battery back¬ 
up circuit that offers unique performance advantages over 
conventional means of switching to a backup supply. The 
ICL7673 is intended as a low-cost solution for the switching 
of systems between two power supplies; main and battery 
backup. The main application is keep-alive-battery power 
switching for use in volatile CMOS RAM memory systems 
and real time clocks. In many applications this circuit will 
represent a low insertion voltage loss between the supplies 
and load. This circuit features low current consumption, 
wide operating voltage range, and exceptionally low leak¬ 
age between Inputs. Logic outputs are provided that can be 
used to indicate which supply is connected and can also be 
used to increase the power switching capability of the circuit 
by driving external PNP transistors. 

The ICL7673 is available in either an 8-pin plastic minidip 
package or a TO-99 metal can. 


FEATURES 

• Automatically Connects Output to The Greater Of 
Either Input Supply Voltage 

• If Main Power to External Equipment Is Lost, Circuit 
Will Automatically Connect Battery Backup 

• Reconnects Main Power When Restored 

• Logic Indicator Signaling Status Of Main Power 

• Low Impedance Connection Switches 

• Low Internal Power Consumption 

• Wide Supply Range: 2.5 to 15 Volts 

• Low Leakage Between Inputs 

• External Transistors May Be Added If Very Large 
Currents Need to Be Switched 

APPLICATIONS 

• On Board Battery Backup for Real-Time Clocks, 
Timers, or Volatile RAMs 

• Over/Under Voltage Detector 

• Peak Voltage Detector 

• Other Uses: 

—Portable instruments. Portable Telephones, Line 
Operated Equipment 


ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICL7673CPA 

O'^Cto +70”C 

8-pin minidip 

ICL7673CBA 

0“Cto +70“C 

8-pin SOIC 

ICL76731TV 

-25"Cto +85"C 

8-pin TO-99 
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Vp> Vs, Pi SWITCH ON AND Pbar SWITCH ON 
Vs> Vp, P2 SWITCH ON AND Sbar SWITCH ON 

Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 


Input Supply (Vp or Vs) Voltage.-0.3 to + 18V 

Output Voltages Pbar and Sbar.-0.3 to-I- 18 V 

Peak Current 

Input Vp (@ Vp = 5V) (note 1).38mA 

lnputVs(@ Vs=3V) .30mA 

PbarOrSbar .150mA 

Continuous Current 

Input Vp (@ Vp=5V) (note 1).38mA 

lnputVs(@ Vs = 3V) .30mA 

Pbar ^bar .50mA 


Package Dissipation. 300mW 

Linear Derating Factors 
TO-99 PLASTIC 

5.7mW/“C 6.1mW/“C 

above 50'*C above OB^C 

Operating Temperature Range: 

ICL7673C .0“Cto+70‘’C 

ICL7673I .-25“CtO +85’C 

Storage Temperature .-65“C to +150®C 

Lead Temperature (Soldering, lOsec) . 300"C 

Note 1. Derate above 25*C by 0.38mA/‘'C. 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

■[QBi 

Vp 

INPUT VOLTAGE 



_ 



Vs 

Vp=0 volts 

1 load=0mA 

2.5 

_ 

15 

1+ 

QUIESCENT SUPPLY 
CURRENT 

Vp=0 volts 

Vs=3 volts 

1 load=0mA 





Pds(on)P1 

SWITCH RESISTANCE 

PI 

(NOTE 2) 

Vp=5 volts 

Vs=3 volts 

1 load = 15mA 


8 

15 


@Ta=85“C 

- 

16 

- 



6 



Vp= 12 volts 

Vs=3 volts 

1 load = 15mA 


5 
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ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Tc(Pi) 

TEMPERATURE COEFFICIENT 

OF SWITCH RESISTANCE P1 

Vp = 5 volts 

Vs = 3 volts 

I load = 15mA 


0.5 


%rc 

Rds(on)P2 

SWITCH RESISTANCE 

P2 

(NOTE 2) 

Vp=0 volts 

Vs = 3 volts 

I load = 1 mA 


40 

100 

n 

@Ta=85"C 

- 

60 

- 

Vp=0 volts 

Vs = 5 volts 

I load = 1mA 


26 


£l 

Vp=0 volts 

Vs=9 volts 

I load = 1 mA 


16 


ft 

Tc(P2) 

TEMPERATURE COEFFICIENT 

OF SWITCH RESISTANCE P2 

Vp = 0 volts 

Vs = 3 volts 

1 load = 1 mA 


0.7 


%/“C 

Il(PS) 

LEAKAGE CURRENT 
(Vp to Vs) 

Vp=5 volts 

Vs=3 volts 

1 load = 10mA 


0.01 

20 

nA 

@Ta = 85"C 

- 

35 

- 

Il(SP) 

LEAKAGE CURRENT 
(VstoVp) 

Vp = 0 volts 

Vs = 3 volts 

1 load = 1mA 


0.01 

50 

nA 

@Ta=85'>G 

- 

120 

- 

Vo Pbar 

OPEN DRAIN OUTPUT 
SATURATION VOLTAGES 

Vp=5volts 

Vs=3 volts 

1 sink=3.2mA 

1 load=0mA 


85 

400 

mV 

@Ta=85“C 

- 

120 

- 

Vp=9 volts 

Vs = 3 volts 

1 sink=3.2mA 

1 load=0mA 


50 


mV 

Vp= 12 volts 

Vs=3 volts 

1 sink=3.2mA 

1 load = 0mA 


40 


mV 

VoSbar 

Vp=0 volts 

Vs=3 volts 

1 sink=3.2mA 

1 load = 0mA 


150 

400 

mV 

@Ta=85‘*C 

- 

210 

- 

Vp = 0 volts 

Vs = 5 volts 

1 sink=3.2mA 

1 load = 0mA 


85 


mV 

Vp=0 volts 

Vs=9 volts 

1 sink=3.2mA 

1 load = 0mA 


50 


mV 
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:: ICL7673 

<0 

N 

Q ELECTRICAL CHARACTERISTICS (Ta= 25‘*C unless otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

iLPbar 

OUTPUT LEAKAGE 

CURRENTS 

OF PbarANDSbar 

Vp=0 volts 

Vs= 15 volts 

1 load=0mA 


50 

500 

nA 



@Ta=85“C 

- 

900 

- 


IlSbar 


Vp= 15 volts 

Vs=0 volts 

1 load = 0mA 


50 

500 

nA 



@Ta=85“C 

- 

900 

- 


CO 

> 

1 

Q. 

> 

SWITCHOVER UNCERTAINTY 
FOR COMPLETE SWITCHING 

OF INPUTS AND OPEN 

DRAIN OUTPUTS. 

Vs=3 volts 

1 sink=3.2mA 

1 load = 0mA 

9d 


0 

V 


NOTE 2. The minimum input to output voltage can be determined by multiplying the load current by the switch resistance. 

TYPICAL PERFORMANCE CHARACTERISTICS 

ON-RESISTANCE SWITCH PI AS A FUNCTION ON-RESISTANCE SWITCH P2 AS A FUNCTION 

OF INPUT VOLTAGE Vp OF INPUT VOLTAGE Vs 





0 2 4 6 8 10 12 14 16 

INPUT VOLTAGE Vp (V) 


INPUT VOLTAGE Vs 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 


Pbar OR Sbar SATURATION VOLTAGE 
AS A FUNCTION OF OUTPUT CURRENT 



SUPPLY VOLTAGE (V) 



o 



OUTPUT CURRENT (mA) 


0324-7 


0324-8 


Is LEAKAGE CURRENT Vp to Vs AS 
A FUNCTION OF INPUT VOLTAGE 



DETAILED DESCRIPTION 

As shown in the functional diagram (Figure 1), the 
ICL7673 includes a comparator which senses the input volt¬ 
ages Vp and Vs- The output of the comparator drives the 
first inverter and the open-drain N-channel transistor Pbar- 
The first inverter drives a large P-channel switch, P1, a sec¬ 
ond inverter, and another open-drain N-channel transistor, 
Sbar- The second inverter drives another large P-channel 
switch P2. The ICL7673, connected to a main and a backup 
power supply, will connect the supply of greater potential to 
its output. The circuit provides break-before-make switch 
action as it switches from main to backup power in the 
event of a main power supply failure. For proper operation, 
inputs Vp and Vs must not be allowed to float, and, the 
difference In the two supplies must be greater than 50 milli¬ 
volts. The leakage current through the reverse biased para¬ 
sitic diode of switch P2 is very low. 

OUTPUT VOLTAGE 

The output operating voltage range is 2.5 to 15 volts. The 
insertion loss between either input and the output is a func¬ 
tion of load current, input voltage, and temperature. This is 
due to the P-channels being operated in their triode region, 
and, the ON-resistance of the switches is a function of out¬ 
put voltage V©- The ON-resistance of the P-channels have 
positive temperature coefficients, and therefore as tempera¬ 
ture increases the insertion loss also increases. At low load 
currents the output voltage is nearly equal to the greater of 
the two inputs. The maximum voltage drop across switch P1 
or P2 is 0.5 volts, since above this voltage the body-drain 
parasitic diode will become forward biased. Complete 
switching of the inputs and open-drain outputs typically oc¬ 
curs in 50 microseconds. 
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INPUT VOLTAGE 

The input operating voltage range for Vp or Vs is 2.5 to 15 
volts. The input supply voltage (Vp or Vs) slew rate should 
be limited to 2 volts per microsecond to avoid potential 
harm to the circuit. In line-operated systems, the rate-of-rise 
(or fall) of the supply is a function of power supply design. 
For battery applications it may be necessary to use a capac¬ 
itor between the input and ground pins to limit the rate-of- 
rise of the supply voltage. A low-impedance capacitor such 
as a 0.047 julF disc ceramic can be used to reduce the rate- 
of-rise. 

STATUS INDICATOR OUTPUTS 

The N-channel open drain output transistors can be used 
to indicate which supply is connected, or can be used to 
drive external PNP transistors to increase the power switch¬ 
ing capability of the circuit. When using external PNP power 
transistors, the output current is limited by the beta and 
thermal characteristics of the power transistors. The appli¬ 
cation section details the use of external PNP transistors. 

APPLICATIONS 

A typical discrete battery backup circuit is illustrated in 
Figure 3. This approach requires several components, sub¬ 
stantial printed circuit board space, and high labor cost. It 
also consumes a fairly high quiescent current. The ICL7673 
battery backup circuit, illustrated in Figure 4, will often re¬ 
place such discrete designs and offer much better perform¬ 
ance, higher reliability, and lower system manufacturing 
cost. A trickle charge system could be implemented with an 
additional resistor and diode as shown in Figure 5. A com¬ 
plete low power AC to regulated DC system can be imple¬ 
mented using the ICL7673 and ICL7663S micropower volt¬ 
age regulator as shown in Figure 6. 



^oiFiirinii^DiL 




Applications for the ICL7673 include volatile semiconduc¬ 
tor memory storage systems, real-time clocks, timers, alarm 
systems, and over/under voltage detectors. Other systems 
requiring DC power when the master AC line supply fails 
can also use the ICL7673. 

A typical application, as illustrated in Figure 7, would be a 
microprocessor system requiring a 5 volt supply. In the 
event of primary supply failure, the system is powered 
down, and a 3 volt battery is employed to maintain clock or 
volatile memory data. The main and backup supplies are 
connected to Vp and Vs, with the circuit output Vq supplying 
power to the clock or volatile memory. The ICL7673 will 
sense the main supply, when energized, to be of greater 
potential than Vs and connect, via its internal MOS 
switches, Vp to output Vq. The backup input. Vs will be dis¬ 
connected internally. In the event of main supply failure, the 
circuit will sense that the backup supply is now the greater 
potential, disconnect Vp from V©, and connect Vs- 

Figure 8 illustrates the use of external PNP power transis¬ 
tors to increase the power switching capability of the circuit. 
In this application the output current is limited by the beta 
and thermal characteristics of the power transistors. 

If hysteresis is desired for a particular low power applica¬ 
tion, positive feedback can be applied between the input Vp 
and open drain output Sbar through a resistor as illustrated 
in Figure 9. For high power applications hysteresis can be 
applied as shown in Figure 10. 

The ICL7673 can also be used as a clipping circuit as 
illustrated in Figure 11. With high impedance loads the cir¬ 
cuit output will be nearly equal to the greater of the two 
input signals. 
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STEPDOWN 

TRANSFORMER 



Figure 6: Power Supply for Low Power Portable AC to DC Systems 



Figure 7: Typical Microprocessor Memory Application 



Figure 8: High Current Battery 
Backup System 



Figure 9: Low Current Battery Backup 
System With Hysteresis 
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ICL7675/ICL7676 

Switched-Mode Power Supply 
Controller Set 



GENERAL DESCRIPTION 

The ICL7675/7676 two-chip set provides the necessary 
control circuitry for regulation of a single-ended, transformer 
coupled, flyback type switching power supply. Specifically 
designed to operate in this type of configuration, the Intersil 
controller chip set is trimmed to provide a regulated 5V out¬ 
put. 

The two chips comprise a primary side controller and a 
secondary side controller. Referring to Figure 3, the output 
of the primary side controller drives the power MOSFET 
switch in the primary leg of the transformer. The switch is 
always turned off at a time corresponding to the falling edge 
of the internal system clock at a frequency of 50kHz. Fol¬ 
lowing an initial soft-start cycle, the switch is turned on at a 
time corresponding to a pulse received from the secondary 
side controller via a pulse transformer. The secondary side 
controller detects the power switch turn-off at the second¬ 
ary of the transformer and initiates a time-out sequence with 
a duration directly proportional to the output voltage being 
sensed. A pulse generated at the end of the time-out period 
is fed back through the pulse transformer to the primary 
side controller, thereby completing the control loop. 

Power for the primary side controller may be taken from 
the high voltage DC input to the power transformer via a 
resistor which feeds current to the on-chip zener diode. This 
eliminates the need for a separate power supply for the 
controller. Excessive current in the power MOSFET switch 
is detected at one end of a resistor in series with the source 
of the MOSFET, forcing the primary side controller into the 
soft-start mode. 


FEATURES 

• Output Voltage of 5V±5% Under Ail Conditions 

• Simple Low Current Pulse Transformer Feedback 

• Power Switch Over-Current Protection 

• Soft-Start 

• No Off-Chip Trimming Required 

• Minimum External Components 

• Low Supply Current 

• Output Duty Cycle—5% to 75% 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7675CPA 

0°Cto +70°C 

8 Lead MINIDIP 

ICL7675CJA 

0°Cto +70°C 

8 Lead CERDIP 

ICL7675IPA 

-25°Cto +85°C 

8 Lead MINIDIP 

1CL7675IJA 

-25°Cto +85°C 

8 Lead CERDIP 

ICL7675MJA 

-55‘’Cto +125°C 

8 Lead CERDIP 

ICL7676CPA 

OX to +70°C 

8 Lead MINIDIP 

ICL7676CJA 

OX to +70X 

8 Lead CERDIP 

ICL76761PA 

-25Xto -f85X 

8 Lead MINIDIP 

ICL7676iJA 

-25Xto +85X 

8 Lead CERDIP 

ICL7676MJA 

-55Xto +125X 

8 Lead CERDIP 


CONTROL INPUT C 1 
SHUT-DOWN C 2 
CURRENT SENSE C 
GNDII 


^%NER 

□ OUTPUT 
5 □SOFT-START 


V+C 1 
SYNC. INPUT C 2 
OUTPUTC 3 
GNDC 4 


8 


^%NSE 

7 □ERROR AMP INPUT 
6 □COMP. 2 
5 □COMP. 1 


ICL7675 

Package Outline (PA, JA) 


ICL7676 

Package Outline (PA, JA) 


Figure 1; Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 

ICL7675 

Supply Voltage (V + to GND).16V 

Voltage on any pin.(V+ 4- 0.3) to (GND - 0.3) V 

ICL7676 

Supply Voltage (Vgense to GND).16V 

Voltage on any pin. (Vsense + 0-3) to (GND - 0.3) V 

ICL7675 & ICL7676 

Lead Temperature (Soldering, 10 sec).OOOX 

Storage Temperature Range.-65*0 to +1 SO^C 


Operating Temperature Range 

ICL767XC.0“CtO +70-0 

ICL767XI...-25‘’CtO +85<’C 

ICL767XM.-SS'-C to + 125‘’C 

Continuous Total Power Dissipation (Ta = 25“C) 

CERDIP Package.500 mW 

Plastic Package.375 mW 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 
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ICL7675 

ELECTRICAL CHARACTERISTICS Unless otherwise stated: Pins 1,2,3, and 4 are connected to GND; 
Pin 7 is connected to V+; all other pins are open; V+ = 13.5V 


Parameter 

Test 

Conditions 

Limits 

Units 

Ta=+25X 

0X<Ta<+70X 

-25“C<Ta<+85‘*C 






KM 

UI3 







Oscillator: 

Frequency 


42 


58 

41 

■ 




60 

38 

■ 


kHz 

Temp. Stability 






KB 






Bl 


%ro 


Ro = 10M, 
Cq = 500 pF 


100 

150 



170 

■ 

1 

180 

■ 

■ 


ns 

Rise Time 
(Note 1) 

Ro = 10M, 
Co==500 pF 

■ 



■ 

■ 

170 



180 

■ 

■ 


ns 

Voltage 


■ 



■ 

■ 

0.33 



0.35 

■ 


0.40 

V 



■ 

■ 


■ 


12.7 


■ 

Q 

■ 

■ 

V 



■ 



■ 

■ 

50 


■ 

lllSl 

■ 

■ 


nA 

Threshold 


9.5 


Hlil 




8.5 


11.5 




V 

IBIIIIIII 


■ 



■ 

■ 

50 



50 

■ 

■ 

100 

nA 

Threshold 


9.5 


IBB 






12.0 




V 



■ 

8 

■ 

■ 

■ 



■ 

■ 

■ 

■ 


ms 

Current Limiting: 
Sense Voltage 


420 


600 

390 


630 

370 


640 

300 

■ 


mV 

Sense Voltage 
Temperature 
Coefficient 


1 

1 

1 

1 

0.6 

■ 

■ 


■ 

■ 

0.6 

_ 

1 

mV/“C 

Vzener: 

Forward Voltage 
(Pin 8) 





1 

1 

■ 

■ 

1 

■ 

■ 

■ 

■ 

V 

Forward Voltage 
Temperature 
Coefficient 


1 

1 

1 


7 



7 



7 


mV/^C 

V+ Supply Voltage 
(Pin 7) 



13.2 









_ 


V 



■ 

■ 


■ 

■ 

1.3 


■ 


■ 

■ 


mA 


NOTE 1: This parameter is guaranteed by design and is not tested in production. 
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ICL7675/ICL7676 ^DIM^DO, 


ICL7676 

ELECTRICAL CHARACTERISTICS Unless otherwise stated: Pins 2 and 4 are connected to GND; 
Pins 1 and 8 are connected to Vgensel o^her pins are open; V+ = 5V 


— 

Parameter 

Test Conditions 

Limits 

Units 

Ta=+25°C 

0‘’C<Ta< + 70°C 

-25‘’C<Ta< + 85°C 

-55°C<Ta< + 125°C 


BH 



PHI 





Min 

Typ 

Max 

Power Supply: 
Output Voltage 

15 jas Pulse Delay 
(Note 2) 

4.9 


5.1 

■ 

■ 

1 







V 

Temp. Stability 






100 



100 



100 


HQ 

Sync Input: 
Threshold 


1.2 


2.4 


B 

B 

1.2 


2.4 

1.2 


2.4 

V 

Leakage 



0.01 

10 






50 



100 

nA 

Output: 

Voltage 

Output High 

4.35 


■ 

B 

B 

B 

4.2 



4.1 



V 

Pulse Current 

15 



IB 






10 



mA 

Pulse Width 

0.55 


ID 

IQQ 


1.0 




0.25 


1.0 

fJLS 

Min. Pulse Delay 

50kHz Clock at Input 



9 



9 






12 

jXS 

Max. Pulse Delay 

50kHz Clock at Input 

20 



jj^QI 



20 



20 



JLtS 

Gain 

Time-Out/Vsense 

90 

140 


m 



60 



50 



jus/V 

Vsense Input 
Current 
(Note 3) 


1 

1 


■ 


1.1 






1.5 

mA 


NOTE 2: This corresponds to a 25% duty'cycle at the output of the ICL7675. 


3: This parameter is equivalent to device supply current. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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C1 

0.022 JIXF/400V 

R1 

Thermistor 

D1-4 

1N4004 

C2 

330 jaF/200V 

R2 

.47a/2W 

D5 

1N4937 

C3 

470 jLtF/16V 

R3 

10n/.125W 

D6 

MBR1035 

C4 

180 pF/500V 

R4 

1.5 ka/2W 



C5 

0.022 jixFMOOV 

R5 

10ka/.25W 

LI 

Lp = 2.6 mH 

C6 

39 pF/SOOV 

R6 

10fl/.5W 


n = 1/14 

C7 

11,000 juLF/6.3V 

R7 

3.9ft/.5W 

L2 

20 jaH 

C8 

4.7 jaF/16V 

R8 

ion/5W 

L3 

47 jaH 

C9 

.047 julF/IOV 

R9 

68 ka/.25W 


n = 1/3 

C10 

2200 pF/SOOV 

RIO 

75 kft/.5W 

Q1 

GE IRF821 

C11 

270 pF/SOOV 






Table 1: Example Component Values for SMPS System 
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DETAILED DESCRIPTION 

Refer to the system schematic (Figure 3), timing diagram 
(Figure 4) and the individual controller functional diagrams 
(Figure 2) for the following discussion. 

Secondary Side Controller 

The secondary side controller, ICL7676, is required to 
provide an output pulse that will cause the primary side con¬ 
troller, ICL7675, to turn the MOSFET power switch on in the 
primary leg of the power supply transformer. This pulse 
must occur at a time such that the resultant switch duty 
cycle causes the output of the power supply to be regulated 
at precisely 5V. The circuit accomplishes this by amplifying 
the difference between a fraction of the output voltage and 
an internally generated reference voltage and using that 
output to control a ramp generator. When the output of the 
ramp generator reaches the reference voltage level, a com¬ 
parator triggers a monostable giving a fixed width pulse at 
the output of the controller. A positive transition at the pow¬ 
er supply transformer secondary, corresponding to power 
switch turn-off, triggers a one-shot with a bounce lock-out 
feature that prevents any false triggering due to excessive 
ringing at this node. The output of this one-shot resets the 
ramp generator by turning on a MOS transistor across the 
ramp capacitor. Also, if the ramp voltage has not reached 
the comparator threshold, the one-shot triggers the output 
monostable. This ensures that a pulse is sent to the primary 
side controller every cycle. Variations in the output voltage 
are detected and cause an increase or decrease in the cur¬ 
rent supplied to the ramp capacitor. This causes a change 
in the capacitor ramp rate at point G in Figure 2 and a con¬ 
sequent change in the time when the comparator threshold 
crossover occurs, generating an output pulse from the 
ICL7676. The output pulse’s position is thereby modulated 
relative to the input trigger in direct proportion to the power 
supply voltage. The direction of change is such that when 
the resultant duty cycle at the output of the ICL7675 cor¬ 
rects the power supply voltage, a negative feedback control 
loop is formed that maintains the desired output voltage. 

Primary Side Controiier 

The primary side controller, ICL7675, must process the 
incoming pulse from the secondary side controller, 
ICL7676, and combine this with the internally generated os¬ 
cillator waveform to produce a driving signal for the MOS¬ 
FET switch. Initially, however, a soft-start circuit determines 
the driving signal waveform. Therefore, there must also be a 
circuit which directs the orderly transition from soft-start to 



normal operation. When the power supply is first turned on, 
a power-up-reset circuit initializes the soft-start clock and 
sets switch S1 on and switch S2 off, as shown in Figure 2. 
The soft-start’s slowly increasing duty cycle waveform is fed 
through an AND gate and through switch SI to the output 
buffer. Meanwhile, the transition circuit continuously moni¬ 
tors the relative position in time between the incoming pulse 
from the secondary side controiier and the leading edge 
from the clock waveform. When the duty cycle of the soft- 
start clock has increased to the point where its positive 
edge occurs earlier than the input pulse, then the transition 
circuit gives control of the output switch drive to the feed¬ 
back loop by turning off S1 and turning on S2. Now the 
negative edge of the clock resets the flip-flop, turning off 
the power switch, and the input pulse sets the flip-flop, turn¬ 
ing on the power switch. The negative edge of the soft-start 
clock is synchronized to the negative edge of the oscillator 
and occurs at a fixed frequency of 50kHz. The soft-start 
clock’s output duty cycle gradually increases from zero to 
100%, but when ANDed with the 75% duty cycle waveform 
of the oscillator, the maximum duty cycle of the resultant 
waveform is limited to 75% as well. 

Soft-Start Cycle 

The soft-start cycle time is fixed at about 15 ms. It can be 
increased somewhat by adding capacitance to pin 5. If no 
pulse is received from the secondary side controiier, the 
primary side controller will reset. Initiating the soft-start se¬ 
quence. It will continue to recycle through the soft-start se¬ 
quence until a pulse is received. As long as a pulse is re¬ 
ceived within one eighth cycle after the falling edge of the 
system clock, an approximately 0.5 /xs pulse will appear at 
the output to drive the power switch. This allows for delays 
in the feedback loop which might cause the controlling 
pulse to arrive late. 

other Features 

The external resistor R2, connected between the Isense 
pin and ground and placed in series with the power MOS¬ 
FET switch, senses an over-current fault condition, tripping 
a comparator which shuts down the output. After the fault 
condition has been removed, the power supply will pass 
through the soft-start cycle before returning to normal oper¬ 
ation. There is also a shut-down pin that when forced high 
will shut down the output. An on-chip zener diode and recti¬ 
fying diode combination, connected through a dropping re¬ 
sistor to the high DC input voltage of the power supply, pro¬ 
vides power to the circuit. 
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APPLICATIONS 


Refer to the system schematic (Figure 3) for the following 
discussion of a flyback converter. 

The input bridge rectifier and filter circuit converts the 
115V AC line to 163V DC. The unregulated high voltage DC 
is applied across a GE IRF 821 Power FET (Q1) and the 
primary of transformer LI. The Power FET acts as a switch, 
opening and closing in response to the gate drive signal 
from the output of the ICL7676 controller. When Q1 opens, 
the energy stored in LI is transferred to the secondary and 
through diode D6 into C7. This is characteristic of the fly¬ 
back converter. The ICL7676 monitors the voltage across 
C7 and sends a variable time delay pulse through pulse 
transformer L3 to the ICL7675 with a delay proportional to 
the voltage sensed. The ICL7675 translates the pulse into a 
variable duty-cycle 50kHz output signal which drives the 
gate of the Power FET Q1 “ON” and “OFF” thereby closing 
the negative feedback loop. 

The flyback converter topology is best suited for power 
levels below 150W due to the high ripple current produced 
across capacitor C7. This topology is favored because of its 
simplicity. Output voltage control is achieved by varying the 
ratio of ON to OFF time for 01, and can be expressed as 
follows: 

Vo = Vci N ^ - Vd6 - IqRs 
toff 

where: 

Vci = Voltage across Cl 
Vd 6 = Forward drop across D6 
lo = Output current 
Rs = Output series resistance 
N = Turns ratio of LI (secondary/primary) 

This applies for continuous mode operation where the 
current in LI never falls to zero during a clock cycle. For 
light loads, discontinuous conduction may occur. The pri¬ 
mary inductance of LI required to assure continuous mode 
operation at a light load lo(min) is: 

[_ = ton(min) ^ ^CKmax) ^ t 

P 2(Vo + Vd6 + IqRs) lo(min) 


For lo(min) = “10% of full load at high line: 


Lp - 


(6 X 10-6)2 X (185)2 X (50 X 103) 
(2) (6) (1) 


= 5.1 mH 


This inductance can be obtained on a gapped ferrite ‘E’ 
core which offers an excellent (performance)/(cost) ratio. 
The air gap is required to prevent saturation at low line and 
maximum current. 

Neglecting voltage spikes due to leakage inductance, 
drain to source voltage stress for Q1 is: 

w Vo + Vd6 + IqRs , w 
Vds =--+ Vci 


A turns ratio N == 1/14 limits V^g to a safe value at high 
line. A catch winding clamps voltage spikes across the Pow¬ 
er FET at turn off. The winding should be bifilar wound with 
the primary to minimize leakage inductance. An electrostat¬ 
ic shield will improve isolation between primary and second¬ 
ary. 

The network composed of L2 and C8 at the output pro¬ 
vides additional filtering by attenuating high frequency 
spikes and ripple. The corner frequency for the LC filter is 
approximately 20kHz which effectively attenuates 50kHz 
and higher order harmonics. Inductor L2 is shunted by 3.9n 
R7 to reduce the output “ Q” a nd minimize output ringing. 
For critical damping: R = VL/C. Diode D6 is a fast recovery 
Schottky doide. It has a low Vd and is snubbed by resistor 
R6 and capacitor C6 to limit the dV/dt and overshoot. The 
diode D5 is also a fast recovery diode which is connected to 
the catch winding of transformer LI. This protects the pow¬ 
er FET Q1 from potentially damaging voltage spikes. 

Switching Losses 

Power FETs behave like ideal switches and are very well 
suited for high frequency switching power supply applica¬ 
tions. The fast turn-on and turn-off of the power MOSFET 
results in very low switching losses. In this application the 
turn-off losses are essentially zero, due in part to the pres¬ 
ence of snubber network C4 and R4. And the worst case 
turn-on losses are less than two watts. 

Energy: ' W = Vds(t) ld(t) dt 

J 0 

where: Vds(t) = 1091 

ld(t) = 12.5 X 1061 

r 200 ns 

W = 12.5X1015 t2dt 

0 


where: t = 200 X 10~9 


where: F = 50 kHz 

[ f2 X 10~/)31 

5 X 104 

= 1.67 Watts 

Because the power MOSFET has very high current gain it 
can be driven directly from the ICL7675. This is highly ad¬ 
vantageous because It simplifies the circuitry and reduces 
overall system manufacturing costs. 


Integrating: 

t3 

W = 12.5 X 1015- 
3 

and Power: 

P = W X F 
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where; 

D = Duty cycle 
n = Transformer turns ratio 
Lp = Primary inductance 
Ro = Load resistance 
T = Clock period 

Cr = Internal ramp capacitance = 40 pF 
Vref = Internal reference voltage = 2.5V 
A model representing this equation is shown in Figure 5A. 
Combined with the output filter shown in Figure 5B, and the 
error amp shown in Figure 5C, a computer simulation can 
be used to determine the optimum combination of compo¬ 
nents for a stable design that still provides adequate re¬ 
sponse to external disturbances. Note that in the output fil¬ 
ter, the effective primary inductance and inductor series re¬ 
sistance are multiplied by n2/(l -D)2. In the example here, 
a combination of lead compensation provided by C11 and 
lag compensation provided by R10 and C10 gave the de¬ 
sired response. 
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Control Loop Design 

The control loop for a transformer coupled flyback con¬ 
verter is similar to the boost converter from which it is de¬ 
rived. The presence of an LC resonant filter with its steep 
180 degree phase rolloff and a right-half plane zero in the 
loop transfer function makes frequency compensation a 
non-trivial exercise. However, the design of the control loop 
can be made easier if not simpler with the proper tools. The 
mathematical equation representing the power mesh equiv¬ 
alent transfer function may be reduced to a model which 
can be entered into SPICE, a widely used circuit simulation 
program, or any other simulation software being used. The 
equation for the modulator-power mesh portion of the con¬ 
trol loop may be expressed as: 

Vq r _ snZPLp 1 T(1 - D)2 
D(1-D)L (1-D)2 RoJ CrVref 
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Power Fail Detector’^ 



GENERAL DESCRIPTION 


FEATURES 


The ICL7677 is a power fail detector, an important en¬ 
hancement in a power supply circuit, it is designed to give 
the fastest possible power fail indication. The part can be 
used on the primary side of the power supply with opto-iso- 
lators transmitting the fault indication to the equipment in 
the secondary side. Alternatively, this part can be used on 
the secondary side of the power supply to monitor power 
supply conditions, with the ability to drive TTL/CMOS logic 
at the fault indicating outputs. 

The ICL7677 as a primary side power fail detector can 
simultaneously monitor the a.c. line voltage, the reservoir 
capacitor voltage, the primary side current and ambient 
temperature. The part as a secondary side power fail detec¬ 
tor can simultaneously monitor up to two DC voltages, one 
load current and ambient temperature. Only a few external 
passive components are required. 

The circuit has an on-chip bandgap voltage reference to 
conveniently program the detection thresholds. However, 
an external voltage reference can be used if preferred. 

There are four fault indicating outputs. These are “no 
fault”, “under-voltage”, “over-voltage”, and “over-tempera¬ 
ture or over-current”. Thus, these outputs allow straight for¬ 
ward diagnosis of power failure. Moreover, the “no fault” 
indicator alone Is sufficient for low cost systems to indicate 
failure using only one opto-isolator. 

The part allows the user to program time delays for vari¬ 
ous faults, preventing false indications due to spikes or 
noise. It also displays a unique output state while the supply 
is turning ON, until the applied voltage reaches its nominal 
voltage range. 

The ICL7677 can be powered by a 5V voltage source, or 
current fed via a resistor, as it has its own voltage regulator. 


• Simultaneous Monitoring of the AC Line, Reservoir 
Capacitor Voltage, Ambient Temperature and 
Primary Side Current When Used on Primary Side. 

• Simultaneous Monitoring of Two DC Voltages, 
Temperature, and One Load Current When Used on 
the Secondary Side 

• Programmable Thresholds for Over-Voltage, Under- 
Voitage, and Over-Temperature Detection 

• Programmable Delay Time for All Faults to Avoid 
False Indication Due to Noise or Line Spikes 

• On Chip Voltage Reference and Voltage Regulator; 
An External Voltage Reference Can be Used If 
Desired 

• Unique Output State for the Start-Up phase 

• Outputs are Logically Combined to Optimize Power 
Fail Indication and Indicate Source of Power Failure 

• Outputs Can Drive Low-Current Opto-lsolators and 
TTL/MOS Logic Directly 

APPLICATIONS 

• Switching Power Supplies, Both Primary Side and 
Secondary Side Power Fail Detector 

• Linear Power Supplies, DC to DC Converters 

ORDERING INFORMATION 


Part 

Number 

Operating 

Temperature 

Package 

ICL7677CPN 

0"Cto +70'’C 

18 Lead Plastic 

ICL7677CJN 

0“Cto +70“C 

18 Lead CERDIP 

ICL7677IPN 

-25“Cto +85“C 

18 Lead Plastic 

ICL7677IJN 

-25‘’Cto +85‘’C 

18 Lead CERDIP 

ICL7677MJN 

-SS^Cto +125‘’C 

18 Lead CERDIP 



* Patent Pending 
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AC/DC MONITOR 


Cl 


Vaci 

^AC2 

C2 

C4 

Vuv 


Vdc 


'^REF 


% 

GND 


Voc 


TR 
R9 

0084-1 

Figure 1: Functional Diagram 
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jUVoD 
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1CL7677 

7T| NF 

VdcE 


TTl C4 

VovCl 


jIIvref 

VocE! 


771R9 

GND [T 


7ol TR 

0084-2 

Figure 2: Pin Configuration 


ESI 

Symbol 

Function 

1 

C2 

Delay capacitor for AC under voltage 
fault. 

2 

Cl 

Delay capacitor for immediate power 
loss fault. 

3 

VaC2 

One input of AC/DC monitor. 

4 

VaC1 

Other input of AC/DC monitor. 

5 

Vuv 

Low threshold level. 

6 

Vdc 

Input of DC monitor. 

7 

Vqv 

High threshold level. 

8 

Voc 

Input to sense over current. 

9 

GND 

Chip supply ground or Vss- 

10 

TR 

Thermistor. 

11 

R9 

Bias resistor. 

12 

Vref 

Reference voltage. 

13 

C4 

Delay capacitor to prevent false alarms 
due to noise. 

14 

NF 

No fault output. 

15 

UV 

Under voltage output. 

16 

OV 

Over voltage output. 

17 

OT-OC 

Over temperature or over current 
output. 

18 

Vdd 

Positive chip supply or V+. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.9V 

Supply Current (Vsupply = 9V).20 mA 

Input Voltage at Any Pin.V“ - 0.3V to V+ + 0.3V 

Power Dissipation 

CERDIP Package.500 mW 

Plastic Package.375 mW 

Storage Temperature.-65°C to + 150‘’C 

Operating Temperature Range 

ICL7677C .0‘’Cto +70"C 

ICL7677I.-25"Cto +85"C 

ICL7677M.-55'’C to + 125‘’C 

Lead Temperature (Soldering, 10s).OOO^C 


ELECTRICAL CHARACTERISTICS 

Test Circuit in Figure 3, S1 S3 S4 open, S2 S5 dosed, unless otherwise specified. 



Ta = 25X 

Ta = OX 
to +70X 

Ta = -25X 
to +85X 

Ta= -55X 
to + 125X 


Symbol 

Parameter 

Test Conditions 

ICL7677 

ICL7677C 

ICL7677I 

ICL7677M 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 





1 + 

Supply Current 

Vdd = 4V 









m 



1.0 

mA 



Vdd = 6V 



la 



8.5 






10.0 

VdD 

Internally Regulated 
Supply Voltage 

I + = 4 mA 



B 



B 



B 

5.3 


6.3 

V 

l|N 

Input Current 

Vaci. Vac2 

Vdd = 4V and 6V 



B 




B 



1 

20 

100 

jixA 


Input Leakage Vqc 

Vdd = 4V and 6V 



1031 






[Q3i 



100 

nA 


Vuv. Vqv. Vqc 




^^0 







■ 


100 



Vdd = 4Vand6V 

■ 



■ 

■ 

■ 








Vref 

Reference Voltage 

No Load, SI Open 


1.254 

1.278 


■ 


1.23 


1.284 

1.2 


1.31 

V 



100 /xA Load, SI Closed 


1.254 

1.278 


■ 


1.23 


1.284 

1.2 


1.31 



Reference Tempco 









033 



100 


ppm/°C 

VOUT 

ON Output Voltage 

Vdd = 4V, 

•out == 40 juiA 

B 

■ 

B 

B 

B 

B 

B 



8 


B 

V 

“ON” 

All Four Drivers 

Vdd = 6V, 
loUT = 40 jixA 

2.4 


B 

B 

B 


B 

B 

fl 

8 


B 


•out 

ON Output Current 

Vdd = 4V, 

VouT = 0.7V 

0.8 


B 


B 


0.8 

B 




B 


“ON” 

All Four Drivers 

> 
1^ 
> d 

1.4 


2.2 

B 


2.2 

1.4 


2.2 

8 


2.3 

VoUT 

OFF Output Current 

Vdd = 4V, 

•out = -1.6 mA 

0 


B 

B 

B 



B 


8 


0.4 

■ 

“OFF” 

All Four Drivers 

Vdd = 6V, 

Iqut =-1.6 mA 

0 


B 

B 

B 


0 

B 




0.4 

■ 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Continued) 

Test Circuit in Figure 3, S1 S3 S4 open, S2 S5 closed, unless otherwise specified. 



Ta = 25“C 

Ta = o»c 

to +70"C 

Ta = -25X 
to +85X 

Ta = -55X 
to + 126“C 


Symbol 

Parameter 

Test Conditions 


iCL7677C 


iCL7677M 


fW 



w 

PH 

[JH 

TfM 

PH 

UJjjj 

^^3 

E93 

fBffi 

I bias 

Bias Current 

Vdd = 4V 

S2 Closed, 

S1 Open 

Vdd = 6V 


■ 




6.0 





■ 



8.0 

■ 

IIQ 


■ 


1 



B 


13.4 

Itemp 

Thermistor Short- 
Circuit Current 

52, S5 Open 

53, S4 Closed 

Vdd = 4V and 6V 


1 

10.5 

9.2 

1 





9.0 

1 

13.0 

fxA 

^temp 

Thermistor Current 

S2, S5 Open 

S3 Closed 

Vdd = 4Vand 6V 

9.5 


10.5 


1 





8.0 


11.0 


Vth 

Threshold Voltage at 
Over-Current Sensing 

Vdd = 4V and 6V 

205 


245 

203 

■ 

IQ 





■ 


mV 

T1 

Immediate Loss of 
Power Delay 

(Fig.4)VDD = 5V 

C1, C2, C4 Connected 

C1, C2, C4 Not Connected 

330 

410 

490 

40 

330 


490 

40 

330 


520 

40 


1 



T3 

AC Under-Voltage 
Delay 

(Fig. 5) Vdd = 5V 

C1, C2, C4 Connected 

C1, C2, C4 Not Connected 

6.61 

8.26 

9.91 

50 

6.61 


9.91 

60 

6.61 


10.0 

60 

6.61 


11.0 

70 

ms 

JtXS 

T5 

AC Over-Voltage 
Delay 

(Fig. 6) Vdd = 5V 

C1, C2, C4 Connected 

C1, C2, C4 Not Connected 

174 

215 

256 

40 

174 

1 


174 


300 

40 


1 


JLtS 

■ 

DC Under-Voltage 
Delay 

(Fig. 7 )Vdd = 5V 

C1, C2, C4 Connected 

C1, C2, C4 Not Connected 

174 

215 

256 

30 

174 


256 

30 

174 


300 

30 

174 


300 

40 

jms 

■ 

DC Over-Voltage 
Delay 

(Fig. 8) Vdd = 5V 

C1, C2, C4 Connected 

C1, C2, C4 Not Connected 

174 

215 

256 

30 

174 


256 

30 

174 

1 

300 

30 


1 


jutS 

T11 

Over-Temperature 

Delay 

Fig. 9, Vdd = 5V 



50 



60 



60 

■ 

■ 

1 

JUS 

T13 

Over-Current Delay 

Fig. 10, Vdd = 5V 



m 



la 



la 



ISI 



Recovery Times 

From Correction 
of Faults 

Fig. 4-10, Vdd = 5V 



la 



la 



la 



I5>l 





m 



la 



la 



Bil 





la 



la 



la 



IBI 

^9 

T8 



la 



la 



la 



Eil 

9| 

T10 



la 



la 



la 



ISI 

^9 

T12 



la 



la 



la 



Q| 

19 

T14 



la 



la 



la 



ISI 
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Figure 3: Test Set-Up for Fault Response Measurements 
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DETAILED DESCRIPTION 


Functional Diagram 

The functional diagram of the ICL7677 is shown in Figure 

1. The circuit contains an AC/DC monitor, DC monitor, cur¬ 
rent monitor, temperature monitor, logic and output drivers, 
regulator, start up circuit, and voltage reference circuit. 

AC/DC Monitor 

The AC/DC monitor Is primarily designed to monitor the 
line, but can also monitor DC signals if the chip is used on 
the regulated side of the supply. As an AC monitor, it de¬ 
tects the following fault conditions; 

1. Complete and immediate loss of power. 

2. Reduction in voltage. 

3. Excessive voltage. 

The detection of complete loss of power is explained by 
considering Figure 11. The AC line voltage Is divided by 
external resistors connected to pins 3 & 4 and converted to 
a full wave rectified form on chip. The figure shows that the 
amplitude of the signal Is close to zero for a very brief peri¬ 
od during each cycle. This period of time, t, is governed by 
the amplitude and frequency of the signal, and the threshold 
voltage, Vzero. which is approximately 22% of the internal 
reference voltage, Vref- If the signal remains below V^ero 
a duration much longer than t, this is interpreted as a loss of 
AC power. The user can program the allowed time duration 
by simply changing the external capacitor at pin 2 to suit the 
particular AC frequency employed. The absolute differential 
signal threshold between Vagi (pin 4) and Vac 2 (Pin 3) is 
276mV ±20mV. 

The detection of reduction in AC voltage can be checked 
only on the peak values. Two threshold values are defined 
using external resistors together with either the on-chip volt¬ 
age reference at pin 12 or an external reference. Low 
threshold (Vuv) and high threshold (Vqv) are developed at 
pins 5 & 7 respectively. It is obvious from Figure 11 that the 
signal crosses the low threshold value every half cycle. 
Thus, the absence of the signal crossing the low threshold 


indicates a reduction in AC voltage. The fault detection is 
based on the fact that the maximum time duration when the 
signal is below the low threshold value is half the time peri¬ 
od. Thus, detection of the signal below the threshold for a 
period longer than this indicates that there is a reduction in 
voltage. Again, the allowed time duration is user program¬ 
mable to work with different line frequencies. This time du¬ 
ration is varied by the external capacitor C2. 

Finally, excessive voltage is detected when the AC volt¬ 
age crosses the upper threshold value as shown in Figure 
11. The threshold must be exceeded for longer than a user 
defined delay to be interpreted as a fault condition. This 
feature reduces the probability of false alarm due to short 
harmless voltage spikes. The length of the delay is con¬ 
trolled by the external capacitor, C4, on pin 13. 

As an auxiliary DC monitor, used on the secondary side of 
the supply, pin 3 is grounded and pin 4 is connected to the 
resistiveiy divided DC voltage as shown in Figure 15. In this 
case, the time constant that was previously related to the 
line frequency, set by the capacitor on pin 1, is now used for 
spike suppression. Pin 2 should be tied to Vpp to disable 
the loss of AC detector. There is no circuit change for over¬ 
voltage detection. 

DC Monitor 

The DC monitor detects the under- and over-voltage on 
the monitored node by dividing down the DC voltage using 
two resistors and applying it to pin 6. The divided DC volt¬ 
age is compared with Vyv and Vqv which are at pins 5 & 7 
respectively. When the supply voltage drops below the low¬ 
er threshold value for a time duration more than the user 
programmed delay, an under-voltage condition is present. 
Similarly, when the supply voltage goes above the upper 
threshold value for a similar time duration, then an over-volt¬ 
age condition is indicated. The purpose of the programmed 
time delay is to reduce false alarms due to noise, and is the 
same value that was chosen for AC over-voltage, set by the 
capacitor, C4, on pin 13. 



0084-12 

Figure 11: Definition of AC Fauits 
Curve a: Nominai Voitage. 

Curve b: Over-Voitage AC. 

Curve c: Under-Voitage AC. 

Calculation of time while AC voltage is below Vzero- 
If lowest nominal voltage = 0.8V, 

then max. time below 0.3V is t = 2 [Arc sin (0.3/0.8)]/1207r 
= 2.04 ms 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Current Monitor 

The user may detect excessive current through the pri¬ 
mary transformer winding in Figure 12 by placing a sensing 
resistor in the source or emitter of the switching transistor. 
The chip threshold at pin 8 is 225mV ±20mV. Similarly, it 
can be used on the secondary side as shown in Figure 15 in 
the application section. 

Temperature Monitor 

Temperature monitoring requires an external thermistor 
at pin 10 and a low tempco resistor at pin 11. This resistor is 
used to set the bias current, which is recommended to be 
between SjmA and 20juiA. The chip supplies two equal cur¬ 
rents and compares the voltages across the thermistor and 
the resistor. The user can now program a trip temperature 
where the thermistor resistance is going to equal or be 
slightly less than the resistor. At this temperature an internal 
comparator will switch. This feature allows the user to shut 
the system off if the temperature rises above the allowed 
range due to an overload or an absence of air flow. There is 
a hysteresis of 30mV ±10mV In the comparator to prevent 
oscillation. 

Chip Power Supply Section and Voltage 
Reference 

The system can work either as a current or voltage driven 
circuit (“current fed mode” and “voltage fed mode”). There 
is a shunt voltage regulator which uses a bandgap refer¬ 
ence to set up a 5.8V ±0.2V Internal chip supply. The chip 
is powered from a high voltage in the current fed mode 
through a resistor at pin 18. The system can alternatively be 
powered by a 4V to 5.5V DC power source connected di¬ 
rectly to pin 18. The same bandgap reference can be used 
to define the thresholds for the fault monitor circuit. 

Chip Initialization 

When the power supply is first turned on, all outputs will 
be low; but this situation will readily be identified as a start 
up mode, since in normal use, one of the LED’s will always 
be on. The NF output will turn ON when the monitored DC 
voltage reaches the nominal range. This prevents false fault 
indication during power up mode. 

Logic and Fault Outputs 

The circuit outputs are designed for driving opto-isolators, 
and are particular logic combinations of the outputs of the 
different monitors. When the chip Is used on the primary 
side of the power supply, the outputs are as follows; 


Output 

Pin # 

Function 

Under-Voltage 

15 

UV = Loss of AO or Low AO 
or Low DO 

Over-Voltage 

16 

OV = AO Over-Voltage or 

DO Over-Voltage 

Over-Temperature 

17 

OT-00 = Over-Temperature 
or Over-Ourrent 

No Fault 

14 

NF = None of the Above 
Faults 


As described, the same chip can be employed on the 
secondary side of the power supply system and monitor up 
to two DC voltages, as Illustrated in Figure 15. The DC1 is 
connected to AC monitor and DC2 is connected to DC mon¬ 
itor. The temperature sensor may be retained. In this case 
the outputs are as follows;_ 


Output 

Pin # 

Function 

Under-Voltage 

15 

UV = LowDOl orLowD02 

Over-Voltage 

16 

OV = Over-Voltage of D01 
or DC2 

Over-T emperature 

17 

OT-00 = Over-Temperature 
or Over-Ourrent 

No Fault 

14 

NF = None of the Above 
Faults 


System Performance 

The key aspect of the system performance is the accura¬ 
cy of the threshold levels. The system performance is pre¬ 
sented with the following assumptions. 

1. Resistors and capacitors are 1 % accurate; 

2. Vref accuracy is ±2%; 

3. System is connected as shown in Figure 12. 


Error in AC UV & OV Detection Error 

Resistor divider error from inputs, 

R1,R2, R3,R4 1% + 1% 

Vref arror 2% 

Resistor divider error (Vyv or Vqv). R8 1 % + 1 % 

Internal comparator offset at Inputs: 7.5 mV 0.75% 
Internal resistor mismatch 1% -I- 1% 

Total worst case error 8.75% 

The RMS error of threshold voltage 3.25% 

Error in DC UV & OV Detection Error 

Resistor divider error from inputs, R5, R6 1 % + 1 % 
Vref orror 2% 

Resistor divider error (Vyv or Vqv). R8 1 % + 1 % 

Internal comparator offset at inputs: 2.5 mV 0.25% 

Total worst case error 6.25% 

The RMS error of threshold voltage 2.84% 

Over-Current Detection Error Error 

Resistor error, R11 1 % 

Internal comparator offset: 7.5 mV 3% 

Fixed internal level error 5% 

Total worst case error 9% 

The RMS error of threshold current 6% 

Over-Temperature Detection Error Error 

Resistor R9 error 1 % 

Thermistor RT error 5% 

Overdrive at pin 10 referred to pin 11:40 mV 2% 

Total worst case error 8 % 

The RMS error 5.5% 


For 85*0 trip temperature, degrees of error 4.7*0 - 6.8*0 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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TYPICAL APPLICATIONS 
Primary Side Power Fail Detector 

Figure 12 shows a primary side power fail detector imple¬ 
mentation. 

The following is an example of the component calculations 

for the system. 

Assume: 

A. Nominal AC voltage Is 120V rms or 170V peak and the 
frequency is 60 Hz. 

B. Indications of over- and under-voltage occur with ±25% 
variations. 

C. Over-temperature Is indicated when the temperature is 
above 85®C. 

D. Over-current is indicated when the current in the trans¬ 
former primary winding exceeds 2A. 

E. Opto-isolator needs at least 0.8mA for Its operation. 


Calculations for resistor values: 

Set Vqv ~ Vref “ 1.254V, then 

Vuv = (75%/125%) X Vref = 0.752V 
Choose Vref current to be 10ju,A, well within the spec, of 
100/xA, then 

R7 = Vuv/10jLtA = 75K 
R8 = (Vref - Vuv)/10juiA = 50K 
The scaled AC and DC peak values are nominally 1V. The 
resistors are chosen with a power dissipation of 14 watt. 
The current through R1 and R2 should be less than 
0.25 watts/1 70V = 1.47mA, and 
R2/(R1 + R2) = 1V/170V, therefore, 

R1 = 169K and R2 = IK will satisfy these conditions. 
Calculating R3, R4, R5, and R6 in a similar manner gives 
R3 = 169K, R4 = IK, R5 = 169K, R6 = IK. 
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The resistors can then be corrected to preferred values. 
For the current fed mode, 

R10 = (Vr - Vdd/Is 

where Vr = minimum expected reservoir voltage 
Vdd = supply voltage 

Is = minimum supply current for the system. 
The peak reservoir voltage is 170V, therefore the minimum 
expected reservoir voltage is 0.75 X 170V. in the current 
fed mode, Vqd = 5.8V. Because the chip requires less than 
1.5mA and the output current for the opto-isoiators is 
0.8mA, 3mA should be sufficient for the system. 

Therefore, 

RIO = (0.75 X 170V - 5.8V)/3 mA = 40K 
Figure 13 shows the typical curve for bias current versus 
R9. Choosing R9 = 300kft results in a bias current of ap¬ 
proximately lOjaA. For temperature monitoring, a thermistor 
is then selected which is equal to or less than SOOkfl at 
85*0. 


The limit for over-current In the primary circuit is 2A. There¬ 
fore, 

R11 = 245mV/2A = 0.12ft. 



Calculations for capacitor values: 

Assume the following time delays for fault indications: 

(a) Loss of power: 

The maximum time the signal will be below Vzero is 
t = 2 arcsin (V/A)/27rf 

where A = lowest nominal peak value = 0.8V 
V = Vzero = 0.3V 
f = frequency = 60 Hz. 

Therefore, t = 2[arcsin (0.3/0.8)1/120(3.14) 

= 2.04 ms 


The time delay for loss of power is therefore chosen 
to be 2.5 ms. 

(b) Low AC: 12 ms, based on 8.33 ms half cycle time. 

(c) High DC, high AC and low DC: 1.0 ms 

Glitches less than 1 ms on the AC and DC supplies 
will then be ignored. 

The time delay for fault detection is calculated as shown 
below and in Figure 14. 

T = (C X Vd 0/2 ~ Ibias) “i” ^0 fis. 

where T = time delay 

C = delay capacitance 

•bias ^ biss current 

Vdd /2 = voltage swing at comparator 

10 /jts = typical system delay. 

Now, C = T X lbias/(VDD/2) 
where Ibias = 

Vdd/2 = 2.9V 

Therefore, Ci = 2.5 ms x 10jitA/2.9V = 8.6 nF 
C 2 = 12 ms X 10jiiA/2.9V = 41.4 nF 
C 4 = 1.0 ms X 10jaA/2.9V = 3.45 nF 
A 20juiF capacitor is recommended for the decoupling ca¬ 
pacitor, C3. If the reservoir voltage goes to zero abruptly, 
the load current of the part will be about 2 mA so it can 
sustain power to the part for approximately 15 ms. 



TIME DELAY-Ats 


0084-13 

Figure 14: Capacitance vs. Time Deiay 
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Secondary Side Power Fail Detector 

The ICL7677 power fail detector can be applied on the 
secondary side as shown in Figure 15. Calculations for the 
external components follow the same procedure used in the 
primary side application. 
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ICL7680 

+ 5V to ±15V Voltage 
Converter/Regulator ^ 

GENERAL DESCRIPTION 

The Intersil ICL7680 voltage converter^ovitte^## riec- 
essary control circuitry for independent regj^atron of both a 
single-ended, boost type and boost-buck (inverting) type 
switched-mode power supply. Specifically designed to oper¬ 
ate in these two configurations, the ICL7680 is trimmed to 
provide both a +15V and -15V output with a +5V input 
voltage. 











FEATURES 

• Dual Output Voltages ol ±15V±S% Under All 
Conditions 

• Output Voltage Externally Adjustable 

• Input Current Sensing 

• Three Frequency Oscillator, Selectable with a Single 
Pin 


The Internal circuitry is divided into two similar sections 
sharing a common voltage reference and oscillator: one for 
the boost stage and another for the inverting stage. Each 
section contains an error amplifier, comparator, and output 
logic which provide a standard pulse-width modulated out¬ 
put drive to an external transistor switch. The boost section 
senses the positive power supply output voltage via an in¬ 
ternal thin film resistor divider which Is trimmed for +15V. 
This voltage Is user adjustable by adding an external resis¬ 
tor. Similarly, the Inverting section senses the negative pow¬ 
er supply output voltage at the input of an inverting amplifier 
that is trimmed for -15V. 

The output logic provides the proper phase to drive an 
N-channel MOSFET on the boost side and a P-channel 
MOSFET on the inverting side. Although bipolar devices 
could be used, the chip Is optimized for MOSFET drive and 
these devices will give higher efficiency. 

For overcurrent protection, an internal comparator sen¬ 
ses the voltage across an external resistor between the 
chip input supply pin and the current sense pin, shutting the 
circuit down for a voltage exceeding the limit. 

Oscillator frequencies of 25 kHz, 50 kHz, or 100 kHz can 
be set with the three-state frequency select pin connected 
to GND left open, or connected to Vjn respectively. The 
sync pin can be overdriven, allowing the circuit to be run 
from an external system clock. 


• Sync Pin Available 

• No Off-Chip Trimming Required 

• Minimum External Components 

• Low Supply Current 

• Built-In Latchup Protection 

ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

ICL7680CPE 

0“Cto +70‘’C 

16 Pin Plastic 

ICL7680CJE 

16 Pin CERDIP 

ICL7680IJE 

-25°Cto +85-0 

16 Pin CERDIP 

ICL7680MJE 

-55-010 +125-C 

16 Pin CERDIP 


COMPARATOR 1C 

1 

— 

16 

□COMPARATOR 2 

ERROR AMP 1C 

2 

15 

□ERROR AMP 2 

+15V SENSEC 

3 

14 

□-15V SENSE 

CURRENT LIMIT C 

4 

13 

□INV. OP AMP 

SHUT-DOWN C 

5 

12 

□FREQ. SELECT 

VinC 

6 

11 

□SYNC 

GNDC 

7 

10 

□GND 

SWITCH OUT 1C 

8 

9 

□SWITCH OUT 2 


0097-1 

(Outline Dwg. PE, JE) 

Figure 1: Pin Configuration 
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ICL7680 


+15V ERROR COMPARATOR CURRENT 

SENSE AMP 1 1 LIMIT SHUT-DOWN 




ERROR-AMP COMPARATOR 

2 2 


0097-2 

Figure 2: Functional Diagram 
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ICL8211/ICL8212 

Programmable Voltage Detector 




GENERAL DESCRIPTION 

The Intersil ICL8211/8212 are micropower bipolar mono¬ 
lithic integrated circuits intended primarily for precise volt¬ 
age detection and generation. These circuits consist of an 
accurate voltage reference, a comparator and a pair of out¬ 
put buffer/drivers. 

Specifically, the ICL8211 provides a 7mA current limited 
output sink when the voltage applied to the THRESHOLD’ 
terminal is less than 1.15 volts (the internal reference). The 
ICL8212 requires a voltage in excess of 1.15 volts to switch 
its output on (no current limit). Both devices have a low 
current output (HYSTERESIS) which is switched on for in¬ 
put voltages in excess of 1.15V. The HYSTERESIS output 
may be used to provide positive and noise free output 
switching using a simple feedback network. 


5 



ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICL8211CPA 

ICL8211CBA 

ICL8211CTY 

ICL8211MTY* 

ICL8212CPA 

ICL8212CBA 

ICL8212CTY 

ICL8212MTY* 

OX to +70X 

OX to +70X 

0Xto + 70X 
-55Xto+125X 

OX to +70X 

OX to +70X 

OX to +70X 
-55Xto + 125X 

8 lead Mini DIP 

8 lead SOIC 
TO-99 Can 
TO-99 Can 

8 lead Mini DIP 

8 lead SOIC 
TO-99 Can 
TO-99 Can 


* Add /883B to part number if 883B processing is required. 


FEATURES 

• High Accuracy Voltage Sensing and Generation: 
Internal Reference 1.15 Volts Typical 

• Low Sensitivity to Supply Voltage and Temperature 
Variations 

• Wide Supply Voltage Range: Typ. 1.8 to 30 Volts 

• Essentially Constant Supply Current Over Full Supply 
Voltage Range 

• Easy to Set Hysteresis Voltage Range 

• Defined Output Current Limit —ICL8211 
High Output Current Capability — ICL8212 

APPLICATIONS 

• Low Voltage Sensor/Indicator 

• High Voltage Sensor/Indicator 

• Non Volatile Out-of-Voltage Range Sensor/indicator 

• Programmable Voltage Reference or Zener Diode 

• Series or Shunt Power Supply Regulator 

• Fixed Value Constant Current Source 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 303200-003 


NOTE: AH typical values have been characterized but are not tested. 


5-103 


ICL8211/ICL8212 






iCL8211/ICL8212 


ICL8211/ICL8212 


ABSOLUTE MAXIMUM RATINGS (Notei) 

Supply Voltage.-0.5 to +30 volts 

Output Voltage.-0.5 to +30 volts 

Hysteresis Voltage .+ 0.5 to -10 volts 

Threshold Input Voltage. 

+ 30 to -5 volts with respect to GROUND and 
+ 0 to - 30 volts with respect to V+ 
Current into Any Terminal.±30mA 


Power Dissipation (Note 1 & 2). 300mW 

Operating Temperature Range: 

ICL8211 M/8212M.- 55*^0 to +125‘*C 

ICL82110/82120.0"Cto +70‘’C 

Storage Temperature Range.-SS^Cto +150®C 

Lead Temperature (Soldering, lOsec) . 300®C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTE 1: Rating applies for case temperatures to 125“C to ICL8211MTY/8212MTY products. Derate linearly at -10mW/®C for ambient temperatures above 
100*C. 


NOTE 2: Derate linearly above SO^C by -10mW/”C for ICL8211 C/8212C products. The threshold input voltage may exceed +7 volts for short periods of time. 
However for continuous operation this voltage must be maintained at a value less than 7 volts. 


ELECTRICAL CHARACTERISTICS (V+ = 5V, Ta= 25*0 unless otherwise specified) 


Symbol 

Parameter 


ICL8211 

ICL8212 

Units 




1^^ 


BSl 

in 



HI 

1 + 

Supply Current 

2.0<V+<30 

Vt=1.3V 




40 

50 

110 

250 

ju,A 



Vt=0.9V 




250 

10 

10 

20 

JU.A 

Vth 

Threshold Trip Voltage 

•out= 4mA 

V+ = 5V 

0.98 

1.15 


1.00 

1.15 

1.19 

BDB 



Vout=2V 

V+=2V 

0.98 

1.145 


1.00 

1.145 

1.19 

V 



V+=30V 

1.00 

1.165 


1.05 

1.165 

1.20 


Vthp 

Threshold Voltage Disparity 

•out- 4mA 

VouT =2V 



■Bi 






Between Output & Hysteresis 
Output 

•HYST=7^i,A 

VhyST=3V 


-8.0 

■ 


-0.5 

■ 

in 

VSUPPLY 

Guaranteed Operating Supply 

+ 25“C 


2.0 






bdb 


Voltage Range (Note 5) 

Oto +70“C 


2.2 





mm 

V 



-SS’Cto +125X 


2.8 


IB 

la 


Hi 


VSUPPLY 

Typical Operating Supply 

+ 25*C 


1.8 


H 

1.8 


H 

V 


Voltage Range 

+ 125*C 


1.4 


mm 

1.4 






-55*C 


2.5 


El 

2.5 


HI 

j^BB 

aVjh/at 

Threshold Voltage 


uniim 


+ 200 



+ 200 


ppm/®C 


Temperature Coefficient 







AVth/AV+ 

Variation of Threshold Voltage 
with Supply Voltage 

AV+ = 10%atV+=5V 


1.0 



1.0 


mV 

Ith 

Threshold Input Current 

Vth=1.15V 



100 

250 


100 


nA 



Vth=1.00V 



5 



5 

mu 

nA 

•OLK 

Output Leakage Current 

VouT=30V 

Vth = 1.0V 




^B 

^Bi 

Hi 

jaA 



Vout=30V 

Vth=1.3V 



10 




ju,A 



VouT=5V 

TH = 1.0V 







juA 



VVout=5V 

Th = 1.3V 


BH 

1 



■1 

ju,A 

VSAT 

Output Saturation Voltage 

•out= 4mA 

Vth=1.0V 


0.17 

0.4 



Mi 

■■ 




Vth=1.3V 





0.17 



•oh 

Max Available Output Current 

(Note 3 & 4) 

Vth=1.0V 

n 


12 







Vout=5V 

Vth=1.3V 





35 





-55"C^Ta^125"CVth 

= 1.0V 



15 



^^B 


•lhys 

Hysteresis Leakage Current 

II 

+ X 
> > 

Vth=1.0V 



0.1 



0.1 

juA 

VhyS (max) 

Hysteresis Sat Voltage 

•HYST=-7f^A 

Vth=1.3V 



-0.2 


-0.1 

-0.2 

V 


measured with respect to V + 


■■ 






IHS9BSI 

Max Available Hysteresis Current 

Vth = 1.3V 




bb 

-21 




NOTES: 3. The maximum output current of the ICL8211 is limited by design to 15mA under any operating conditions. The output voitage may be sustained at any 
voltage up to +30V as long as the maximum power dissipation of the device is not exceeded. 

4. The maximum output current of the ICL8212 is not defined, and systems using the ICL8212 must therefore ensure that the output current does not 
exceed 30mA and that the maximum power dissipation of the device is not exceeded. 

5. Threshold Trip Voltage is 0.80V(min) to 1.30V(max). 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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TYPICAL PERFORMANCE CHARACTERISTICS COMMON TO ICL8211 AND ICL8212 


THRESHOLD INPUT CURRENT AS A 
FUNCTION OF THRESHOLD VOLTAGE 

10,000- 


[B|^i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■BESDEBBV 




& 



■■■ 

mm 

mam 

■ 

■ 

s 

B 

B 

B 

B 

wtm 

m 


gl 

■ 

■ 

B 

■ 

■ 

■ 

wmi 


Jjgjj 

B 


B 



El 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


0.0 1.1 1.15 1.2 2.0 3.0 6.0 8.0 10.0 
THRESHOLD VOLTAGE-Vjh 


HYSTERESIS OUTPUT SATURATION CURRENT 
AS A FUNCTION OF TEMPERATURE 

t o|—r— 1 ———— 

^ V* = 5V 

5 _5 _ Vth = 1.2V- 

g Vhys = 4.5V 

S-iO I I (or -0.SV with 

o'” I respect to V' supply) 


1-30 I-hiCL8211 or ICL82124 


-40 -20 0 +20 +40 +60 +80 

TEMPERATURE 


(IRREGULAR SCALE) 


TYPICAL PERFORMANCE CHARACTERISTICS ICL8211 ONLY 


SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 


SUPPLY CURRENT AS A 
FUNCTION OF THRESHOLD VOLTAGE 


SUPPLY CURRENT ASA 
FUNCTION OF TEMPERATURE 


TA = 25^Ci I i 

-OUTPUTS OPEN CIRCUITH 


Ta = 25“C I 
-V" = 5V 

V OUTPUTS OPEN 
\CIRCUIT 


P^^=j^VTH= 0 . 9 V.j- 

-V* =5V 

OUTPUTS OPEN CIRCUIT 


10 20 
SUPPLY VOLTAGE 


0.0 1.0 1.1 1.15 1.2 2.0 4.0 

THRESHOLD VOLTAGE • Vth 
(IRREGULAR SCALE) 


-55 -25 +5 +35 +65 +95 +125 

TEMPERATURE °C 




iCL8211 

-1- 



OUTPUT SATURATION CURRENTS 
AS A FUNCTION OF 
THRESHOLD VOLTAGE 


Ta = 25»C I 
V* = 5V 
Vo = 0.5V 
Vhys = V*-0.25V, 

I I I 

-Lhysteresis. 

L OUTPUT 


1.12 1.13 1.14 1.15 1.16 1.17 1.16 
THRESHOLD VOLTAGE 
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THRESHOLD VOLTAGE TO TURN 
OUTPUTS “JUST ON” AS A 
FUNCTION OF TEMPERATURE 


yf^HYS OUTPUT 

I Ta = 25*C I 
/ V* = 5V 

3 ^ ^ 
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TYPICAL PERFORMANCE CHARACTERISTICS ICL8211 ONLY (Continued) 
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TYPICAL PERFORMANCE CHARACTERISTICS ICL8212 ONLY (Continued) 
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DETAILED DESCRIPTION 

The ICL8211 and ICL8212 use standard linear bipolar in¬ 
tegrated circuit technology with high value thin film resistors 
which define extremely low value currents. 

Components Qi thru Qio and Ri, R 2 and R 3 set up an 
accurate voltage reference of 1.15 volts. This reference 
voltage is close to the value of the bandgap voltage for 
silicon and is highly stable with respect to both temperature 
and supply voltage. The deviation from the bandgap voltage 
is necessary due to the negative temperature coefficient of 
the thin film resistors (-5000 ppm per “C). 

Components Q 2 thru Qg and R 2 make up a constant cur¬ 
rent source; Q 2 and Q 3 are identical and form a current 
mirror. Qe has 7 times the emitter area of Qg, and due to the 
current mirror, the collector currents of Qs and Qg are 
forced to be equal and it can be shown that the collector 
current in Qe and Qg is 

1 kT 

Ic (Qe or Qg)=—x— ln7 
R2 q 

or approximately 1 fiA at 25*C 
Where k= Boltzman’s constant 
q = charge on an electron 
and T=absolute temperature in 

Transistors Q 5 , Qe, and Q 7 assure that the Vqe of Q 3 , Q 4 , 
and Qg remain constant with supply voltage variations. This 
ensures a constant current supply free from variations. 

The base current of Qi provides sufficient start up current 
for the constant source; there being two stable states for 
this type of circuit — either ON as defined above, or OFF if 
no start up current is provided. Leakage current In the tran¬ 
sistors is not sufficient in itself to guarantee reliable startup. 

Q 4 is matched to Q 3 and Q 2 ; Q10 is matched to Qg. Thus 
the Ic and Vbe of Q10 are identical to that of Qg or Qs- To 
generate the bandgap voltage, it is necessary to sum a volt¬ 
age equal to the base emitter voltage of Qg to a voltage 
proportional to the difference of the base emitter voltages 
of two transistors Qs and Qg operating at two current densi¬ 
ties. 


Thus 1.15 = Vbe (Qg or Qio)+;;^ —lo7 

R2 q 

Rq 

which provides — = 12 (approx.) 

R 2 

The total supply current consumed by the voltage refer¬ 
ence section is approximately 6 julA at room temperature. A 
voltage at the THRESHOLD input is compared to the refer¬ 
ence 1.15 volts by the comparator consisting of transistors 
Q 11 thru Q 17 . The outputs from the comparator are limited 
to two diode drops less than V+ or approximately 1.1 volts. 
Thus the base current into the hysteresis output transistor is 
limited to about 500nA and the collector current of Qig to 
lOO/xA. 

In the case of the ICL8211, Q 21 Is proportioned to have 
70 times the emitter area of Q 20 thereby limiting the output 
current to approximately 7mA, whereas for the ICL8212 al¬ 
most all the collector current of Qig is available for base 
drive to Q 21 , resulting in a maximum available collector cur¬ 
rent of the order of 30mA. It is advisable to externally limit 
this current to 25mA or less. 

APPLICATIONS 

The ICL8211 and ICL8212 are similar in many respects, 
especially with regard to the setup of the input trip condi¬ 
tions and hysteresis circuitry. The following discussion de¬ 
scribes both devices, and where differences occur they are 
clearly noted. 

General Information 

THRESHOLD INPUT CONSIDERATIONS 

Although any voltage between -5V and V+ may be ap¬ 
plied to the THRESHOLD terminal, It is recommended that 
the THRESHOLD voltage does not exceed about +6 volts 
since above that voltage the threshold input current Increas¬ 
es sharply. Also, prolonged operation above this voltage will 
lead to degradation of device characteristics. 
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The outputs change states with an input THRESHOLD 
voltage of approximately 1.15 volts. Input and output wave¬ 
forms are shown in Figure 3 for a simple 1.15 volt level 
detector. 

The HYSTERESIS output is a low current output and is 
intended primarily for Input threshold voltage hysteresis ap¬ 
plications. If this output is used for other applications it is 
suggested that output currents be limited to lOjuiA or less. 

The regular OUTPUT’S from either the ICL8211 or 
ICL8212 may be used to drive most of the common logic 
families such as TTL or C-MOS using a single pullup resis¬ 
tor. There is a guaranteed TTL fanout of 2 for the ICL8211 
and 4 for the ICL8212. 


V" 



A principal application of the ICL8211 is voltage level de¬ 
tection, and for that reason the OUTPUT current has been 
limited to typically 7mA to permit direct drive of an LED 
connected to the positive supply without a series current 
limiting resistor. 

On the other hand the ICL8212 is intended for applica¬ 
tions such as programmable zener references, and voltage 
regulators where output currents well in excess of 7mA are 
desirable. Therefore, the output of the ICL8212 Is not cur¬ 
rent limited, and if the output is used to drive an LED, a 
series current limiting resistor must be used. 

In most applications an input resistor divider network may 
be used to generate the 1.15V required for Vjh- For high 
accuracy, currents as large as 50/jiA may be used, however 
for those applications where current limiting may be desir¬ 
able, (such as when operating from a battery) currents as 
low as 6|aA may be considered without a great loss of accu¬ 
racy. GjliA represents a practical minimum, since it is about 
this level where the device’s own input current becomes a 
significant percentage of that flowing in the divider network. 
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Figure 5; input Resistor 
Network Considerations 


Case 1. High accuracy required, current in resistor network 
unimportant Set l = 50jaA for Vth = 1-15 volts 
.■.Rl -~^20ka. 

Case 2. Good accuracy required, current in resistor network 
important Set I = 7.5 |liA for Vth= 1-15 volts 
.‘.R-l —► 150kn. 

SETUP PROCEDURES FOR VOLTAGE LEVEL 
DETECTION 

Case 1. Simple voltage detection — no hysteresis 

Unless an input voltage of approximately 1.15 volts is to 
be detected, resistor networks will be used to divide or mul¬ 
tiply the unknown voltage to be sensed. Figure 7 shows 
procedures on how to set up resistor networks to detect 
INPUT VOLTAGES of any magnitude and polarity. 

For supply voltage level detection applications the Input 
resistor network is connected across the supply terminals 
as shown In Figure 8. 

Conditions for correct operation of OUTPUT (terminal #4). 

1. ICL8211 
1.8V^V+^30V 

2. ICL8212 
0^V+^30V 
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hysteresis is to provide positive feedback to the input trip 
point such that there is a voltage difference between the 
input voltage necessary to turn the outputs ON and OFF. 

The advantage of hysteresis is especially apparent in 
electrically noisy environments where simple but positive 
voltage detection is required. Hysteresis circuitry, however, 
is not limited to applications requiring better noise perform¬ 
ance but may be expanded into highly complex systems 
with multiple voltage level detection and memory applica¬ 
tions — refer to specific applications section. 

There are two simple methods to apply hysteresis to a 
circuit for use in supply voltage level detection. These are 
shown In Figure 9. 

The circuit (a) of Figure 9 requires that the full current 
flowing In the resistor network be sourced by the HYSTER¬ 
ESIS output, whereas for circuit (b) the current to be 
sourced by the HYSTERESIS output will be a function of the 
ratio of the two trip points and their values. For low values 
of hysteresis, circuit (b) is to be preferred due to the offset 
voltage of the hysteresis output transistor. 

A third way to obtain hysteresis (ICL8211 only) is to con¬ 
nect a resistor between the OUTPUT and the THRESHOLD 
terminals thereby reducing the total external resistance be¬ 
tween the THRESHOLD and GROUND when the OUTPUT 
is switched on. 

Practical Applications 

a) Low Voltage Battery Indicator 
This application is particularly suitable for portable or re¬ 
mote operated equipment which requires an indication of a 
depleted or discharged battery. The quiescent current taken 
by the system will be typically 35jaA which will increase to 
7mA when the lamp is turned on. R 3 will provide hysteresis 
if required. 

b) I Non-Volatile | Low Voltage Detector 
In this application the high trip voltage Vtr 2 is set to be 

above the normal supply voltage range. On power up the 
initial condition Is A. On momentarily closing switch Si the 
operating point changes to B and will remain at B until the 
supply voltage drops below Vjri, at which time the output 
will revert to condition A. Note that state A Is always re¬ 
tained If the supply voltage is reduced below Vjri (even to 
zero volts) and then raised back to Vnqm- 

c) (Non-volatile) Power Supply Malfunction Recorder 
In many systems a transient or an extended abnormal (or 

absence of a) supply voltage will cause a system failure. 
This failure may take the form of information lost in a vola¬ 
tile semiconductor memory stack, a loss of time In a timer or 
even possible irreversible damage to components if a sup¬ 
ply voltage exceeds a certain value. 

It is, therefore, necessary to be able to detect and store 
the fact that an out-of-operating range supply voltage 
condition has occurred, even in the case where a supply 
voltage may have dropped to zero. Upon power up to the 
normal operating voltage this record must have been re¬ 
tained and easily interrogated. This could be important in 
the case of a transient power failure due to a faulty compo- 
Case 2. Use of the HYSTERESIS function nent or intermittent power supply, open circuit, etc., where 

The disadvantage of the simple detection circuits Is that direct observation of the failure is difficult, 
there is a small but finite input range where the outputs are 
neither totally ‘ON’ nor totally ‘OFF’. The principle behind 



-X 1.15 volts 


Input voltage to change the output states 
_ (Ri + R2) . 

Ri 

Figure 6: Range of Input Voltage 
Greater Than +1.15 Volts 


MAY BE ANY STABLE VOLTAGE 
REFERENCE GREATER 
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Range of input voltage less than +1.15 volts. 

Input voltage to change the output states 
(Ri + R2)X1.15R2Vref 
Ri Ri 

Figure 7: input Resistor Network 
Setup Procedures 
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Figure 11: Low Voltage Detector 
and Memory 
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Figure 9: Two alternative voltage 
detection circuits employing 
hysteresis to provide pairs of 
well defined trip voltages. 
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A simple circuit to record an out of range voltage excur¬ 
sion may be constructed using an ICL8211, an ICL8212 
plus a few resistors. This circuit will operate to 30 volts with¬ 
out exceeding the maximum ratings of the I.C.’s. The two 
voltage limits defining the in range supply voltage may be 
set to any value between 2.0 and 30 volts. 



Referring to Figure 12, the ICL8212 is used to detect a 
voltage, V 2 , which is the upper voltage limit to the operating 
voltage range. The ICL8211 detects the lower voltage limit 
of the operating voltage range, V-i. Hysteresis is used with 
the ICL8211 so that the output can be stable in either state 
over the operating voltage range Vi to V 2 by making V 3 — 
the upper trip point of the ICL8211 much higher in voltage 
than V 2 . 

The output of the ICL8212 is used to force the output of 
the ICL8211 into the ON state above V 2 . Thus there is no 
value of the supply voltage that will result in the output of 
the ICL8211 changing from the ON state to the OFF state. 
This may be achieved only by shorting out R 3 for values of 
supply voltage between Vi and V 2 . 

d) Constant Current Sources 

The ICL8212 may be used as a constant current source 
of value of approximately 25jaA by connecting the 
THRESHOLD terminal to GROUND. Similarly the ICL8211 
will provide a 130ju,A constant current source. The equiva¬ 
lent parallel resistance is in the tens of megohms over the 
supply voltage range of 2 to 30 volts. These constant cur¬ 
rent sources may be used to provide biasing for various 
circuitry including differential amplifiers and comparators. 
See Typical Operating Characteristics for complete informa¬ 
tion. 

e) Zener or Precision Voltage Reference 

The ICL8212 may be used to simulate a zener diode by 
connecting the OUTPUT terminal to the Vz output and us¬ 
ing a resistor network connected to the THRESHOLD termi¬ 
nal to program the zener voltage 

Vzener =X 1 . 15 volts. 

Since there is no internal compensation in the ICL8212 It 
is necessary to use a large capacitor across the output to 
prevent oscillation. 

Zener voltages from 2 to 30 volts may be programmed 
and typical impedance values between 300A and 25mA 
will range from 4 to 7a. The knee is sharper and occurs at a 
significantly lower current than other similar devices avail¬ 
able. 



Figure 14: Constant Current 
Source Applications 
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Figure 15: Programmable Zener 
or Voltage Reference 



f) Precision Voltage Regulators 
The ICL8212 may be used as the controller for a highly 
stable series voltage regulator. The output voltage is simply 
programmed, using a resistor divider network Ri and R 2 . 
Two capacitors Ci and C 2 are required to ensure stability 
since the ICL8212 Is uncompensated internally. 
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This regulator may be used with lower input voltages than 
most other commercially available regulators and also con¬ 
sumes less power for a given output control current than 


any commercial regulator. Applications would therefore in¬ 
clude battery operated equipment especially those operat¬ 
ing at low voltages. 

g) High supply voltage dump circuit 

in many circuit applications it is desirable to remove the 
power supply in the case of high voltage overload. For cir¬ 
cuits consuming less than 5mA this may be achieved using 
an ICL8211 driving the load directly. For higher load cur¬ 
rents it is necessary to use an external pnp transistor or 
darlington pair driven by the output of the ICL8211. Resis¬ 
tors Ri and R 2 set up the disconnect voltage and R 3 pro¬ 
vides optional voltage hysteresis if so desired. 

h) Frequency limit detectors 

Simple frequency limit detectors providing a GO/NO-GO 
output for use with varying amplitude input signals may be 
conveniently implemented with the ICL8211/8212. In the 
application shown, the first 1018212 is used as a zero cross¬ 
ing detector. The output circuit consisting of R 3 , R 4 and C 2 
results In a slow output positive ramp. The negative range is 
much faster than the positive range. R 5 and Re provide hys¬ 
teresis so that under all circumstances the second ICL8212 
is turned on for sufficient time to discharge C 3 . The time 
constant of R 7 C 3 is much greater than R 4 C 2 . Depending 
upon the desired output polarities for low and high input 
frequencies, either an ICL8211 or an iCL8212 may be used 
as the output driver. 

This circuit is sensitive to supply voltage variations and 
should be used with a stabilized power supply. At very low 
frequencies the output will switch at the input frequency. 
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i) Switch bounce filter 

Single pole single throw (SPST) switches are less costly 
and more available than single pole double throw (SPOT) 
switches. SPST switches range from push button and slide 
types to calculator keyboards. A major problem with the use 
of switches is the mechanical bounce of the electrical con¬ 
tacts on closure. Contact bounce times can range from a 
fraction of a millisecond to several tens of milliseconds de¬ 
pending upon the switch type. During this contact bounce 
time the switch may make and break contact several times. 
The circuit shown in Figure 19 provides a rapid charge up of 
Ci to close to the positive supply voltage (V+) on a switch 
closure and a corresponding slow discharge of C-\ on a 
switch break. By proportioning the time constant of Ri Ci to 
approximately the manufacturer’s bounce time the output 
as terminal #4 of the ICL8211/8212 will be a single tran¬ 
sition of state per desired switch closure. 

j) Low voltage power disconnector 

There are some classes of circuits that require the power 
supply to be disconnected if the power supply voltage falls 
below a certain value. As an example, the National LM199 
precision reference has an on chip heater which malfunc¬ 
tions with supply voltages below 9 volts causing an exces¬ 
sive device temperature. The ICL8212 may be used to de¬ 
tect a power supply voltage of 9 volts and turn the power 
supply off to the LM199 heater section below that voltage. 

For further applications, see A027 “Power Supply Design 
using the ICL8211 and ICL8212’’ by D. Watson. 
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Figure 19: Switch Bounce Filter 
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AD590 

2-Wire Current Output 
Temperature Transducer 



GENERAL DESCRIPTION 

The AD590 is an Integrated-circuit temperature transduc¬ 
er which produces an output current proportional to abso¬ 
lute temperature. The device acts as a high impedance con¬ 
stant current regulator, passing 1 jui,A/“K for supply voltages 
between + 4V and + 30V. Laser trimming of the chip’s thin 
film resistors is used to calibrate the device to 298.2jaA out¬ 
put at 298.2" K ( + 25"C). 

The AD590 should be used in any temperature-sensing 
application between -55"C and + 150“C (0"C and 70°C for 
TO-92) in which conventional electrical temperature sen¬ 
sors are currently employed. The inherent low cost of a 
monolithic integrated circuit combined with the elimination 
of support circuitry makes the AD590 an attractive alterna¬ 
tive for many temperature measurement situations. Lineari¬ 
zation circuitry, precision voltage amplifiers, resistance¬ 
measuring circuitry and cold-junction compensation are not 
needed in applying the AD590. in the simplest application, a 
resistor, a power source and any voltmeter can be used to 
measure temperature. 

in addition to temperature measurement, applications in¬ 
clude temperature compensation or correction of discrete 
components, and biasing proportional to absolute tempera¬ 
ture. The AD590 is available in chip form making it suitable 
for hybrid circuits and fast temperature measurements in 
protected environments. 

The AD590 Is particularly useful in remote sensing appli¬ 
cations. The device Is insensitive to voltage drops over long 
lines due to its hIgh-Impedance current output. Any well-in¬ 
sulated twisted pair is sufficient for operation hundreds of 
feet from the receiving circuitry. The output characteristics 
also make the AD590 easy to multiplex: the current can be 
switched by a CMOS multiplexer or the supply voltage can 
be switched by a logic gate output. 



FEATURES 

• Linear Current Output: 1juiA/"K 

• Wide Range: -55"C to + ISO^C 

• Two-Terminai Device: Voltage In/Current Out 

• Laser Trimmed to ±0.5"C Calibration Accuracy 
(AD590M) 

• Excellent Linearity: ±0.5"C Over Full Range 
(AD590M) 

• Wide Power Supply Range: + 4V to + 30V 

• Sensor Isolation From Case 

• Low Cost 


ORDERING INFORMATION 


Non-Linearity 

rc) 

Part 

Number 

Temperature 

Range 

Package 

±3.0 

±1.5 

AD5901H 

AD590JH 

-55“Cto ±150"C 
-55"Cto ±150“C 

TO-52 

TO-52 
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ABSOLUTE MAXIMUM RATINGS (Ta = +25®C unless otherwise noted) 

Forward Voltage (V+ to V~).+44V Rated Performance Temperature Range 

Reverse Voltage (V+ toV").-20V TO-52 .-55*Cto +150’C 

Breakdown Voltage (Case to V+ or V-).±200V Lead Temperature (Soldering, 10sec) .+300®C 

Storage Temperature Range.-65*0 to +150*C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


SPECIFICATIONS (Typical values at Ta= +26*C, V+ =5V unless otherwise noted) 


Characteristics 

AD590I 

AD590J 

Units 

Output 

Nominal Output Current @ +125*0(298.2*K) 

298.2 

298.2 

juiA 

Nominal Temperature Coefficient 

1.0 

1.0 

jiiA/*K 

Calibration Error @ + 25*C (Notes 1,5) 

±10.0 max 

± 5.0 max 

*C 

Absolute Error (-55*C to +150*C) (Note 7) 

Without External Calibration Adjustment 

±20.0 max 

±10.0 max 

*C 

With External Calibration Adjustment 

±5.8 max 

±3.0 max 

*C 

Non-Linearity (Note 6) 

±3.0 max 

± 1.5 max 

*C 

Repeatability (Notes 2,6) 

±0.1 max 

±0.1 max 

*C 

Long Term Drift (Notes 3, 6) 

±0.1 max 

±0.1 max 

*C/month 

Current Noise 

40 

40 

pA/v/FE 

Power Supply Rejection: 

+ 4V<V+<+5V 

0.5 

0.5 


+ 5V<V+< + 15V 

0.2 

0.2 


+ 15V<V+< + 30V 

0.1 

0.1 


Case Isolation to Either Lead 

1010 

1010 

a 

Effective Shunt Capacitance 

100 

100 

PF 

Electrical Turn-On Time (Note 1) 

20 

20 

jaS 

Reverse Bias Leakage Current (Note 4) 

10 

10 

pA 

Power Supply Range 

+ 4 to +30 

+ 4 to+30 

V 


NOTES: 1. Does not include self heating effects. 

2. Maximum deviation between +25*C reading after temperature cycling between -55“C and +150“C. 

3. Conditions: Constant +5V, constant +125“C. 

4. Leakage current doubles every +10'’C. 

5. Mechanical strain on package may disturb calibration of device. 

6. Guaranteed. But not tested. 

7. -55®C Guaranteed by testing @ +25®C and @ +150®C. 

TRIMMING OUT ERRORS 

The ideal graph of current versus temperature for the 
AD590 is a straight line, but as Figure 3 shows, the actual 
shape is slightly different. Since the sensor is limited to the 
range of -55*C to +150*C, it is possible to optimize the 
accuracy by trimming. Trimming also permits extracting 
maximum performance from the lower-cost sensors. 

The circuit of Figure 4 trims the slope of the AD590 out¬ 
put. The effect of this is shown in Figure 5. 


The circuit of Figure 6 trims both the slope and the offset. 
This is shown in Figure 7. The diagrams are exaggerated to 
show effects, but it should be clear that these trims can be 
used to minimize errors over the whole range, or over any 
selected part of the range. In fact, it is possible to adjust the 
l-grade device to give less than 0.1 “C error over the range 
0*C to 90*C and less than 0.05*C error from 25®C to 60*C. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Figure 3: Trimming Out Errors 
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Figure 6: Slope and Offset Trimming 


ACCURACY 

Maximum errors over limited temperature spans, with 
Vs= +5V, are listed by device grade in the following tables. 
The tables reflect the worst-case linearities, which invariably 
occur at the extremities of the specified temperature range. 
The trimming conditions for the data in the tables are shown 
in Figures 4 and 5. 

All errors listed in the tables are ±“C. For example, if 
± I^C maximum error is required over the + 25®C to + 
range (i.e., lowest temperature of +25®C and span of 50“C), 
then the trimming of a J-grade device, using the single-trim 
circuit (Figure 4), will result in output having the required 
accuracy over the stated range. An M-grade device with no 
trims will have less than ± 0.9*C error, and an l-grade de¬ 
vice with two trims (Figure 5) will have less than ±0.2‘’C 
error. If the requirement is for less than ± 1.4“C maximum 
error, from -25^C to +75®C (100® span from -25®C), it 
can be satisfied by an M-grade device with no trims, a K- 
grade device with one trim, or an l-grade device with two 
trims. 


Figure 5: Effect of Slope Trim 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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I GRADE —MAXIMUM ERRORS, °C 


Number 

of 

Temperature 
Span—“C 



Lowest Temperature in Span 

— X 



Trims 

-55 

-25 

0 

+ 25 

+ 50 

+ 75 

+ 100 

+ 125 


10 

8.4 

9.2 

10.0 

10.8 

11.6 

12.4 

13.2 

14.4 

■ ■ 

25 

10.0 

10.4 

11.0 

11.8 

12.0 

13.8 

15.0 

16.0 

None 

50 

13.0 

13.0 

12.8 

13.8 

14.6 

16.4 

18.0 


None 

100 

15.2 

16.0 

16.6 

17.4 

18.8 




None 

150 

18.4 

19.0 

19.2 






None 

205 

20.0 








One 


0.6 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.6 

One 


1.8 

1.2 

1.0 

1.0 

1.0 

1.2 

1.6 

1.8 

One 


3.8 

3.0 

2.0 

2.0 

2.0 

3.0 

3.8 


One 

100 

4.8 

4.5 

4.2 

4.2 

5.0 




One 

150 

5.5 

4.8 

5.5 






One 

205 

5.8 








Two 

10 

0.3 

0.2 

0.1 

* 

* 

0.1 

0.2 

0.3 

Two 

25 

0.5 

0.3 

0.2 

* 

0.1 

0.2 

0.3 

0.5 

Two 

50 

1.2 

0.6 

0.4 

0.2 

0.2 

0.3 

0.7 


Two 

100 

1.8 

1.4 

1.0 

2.0 

2.5 




Two 

150 

2.6 

2.0 

2.8 






Two 

205 

3.0 








* Less than 0.05®C. 









J GRADE 

— MAXIMUM ERRORS, 

°c 







Number 

of 

Temperature 
Span—“C 



Lowest Temperature in Span 

1 — X 



Trims 

-55 

-25 

0 

+ 25 

+ 50 

+ 75 

+ 100 

+ 125 


10 

4.2 

4.6 

5.0 

5.4 

5.8 

6.2 

6.6 

7.2 

■ ■ 

25 

5.0 

5.2 

5.5 

5.9 

6.0 

6.9 

7.5 

8.0 

None 

50 

6.5 

6.5 

6.4 

6.9 

7.3 

8.2 

9.0 


None 

100 

7.7 

8.0 

8.3 

8.7 

9.4 




None 

150 

9.2 

9.5 

9.6 






None 

205 

10.0 








One 

10 

0.3 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

One 

25 

0.9 

0.6 

0.5 

0.5 

0.5 

0.6 

0.8 

0.9 

One 

50 

1.9 

1.5 

1.0 

1.0 

1.0 

1.5 

1.9 


One 

100 

2.3 

2.2 

2.0 

2.0 

2.3 




One 

150 

2.5 

2.4 

2.5 






One 

205 

3.0 









10 

0.1 

* 

« 

* 


* 

* 

0.1 


25 

0.2 

0.1 

* 

* 

* 

* 

0.1 

0.2 

BSH 

50 

0.4 

0.2 

0.1 

* 

* 

0.1 

0.2 

* 


100 

0.7 

0.5 

0.3 

0.7 

1.0 





150 

1.0 

0.7 

1.2 







205 

1.6 









• Less than ±0.05°C. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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NOTES 

1. Maximum errors over at! ranges are guaranteed 
based on the known behavior characteristic of the 
AD590. 

2. For one-trim accuracy specifications, the 205“C 
span is assumed to be trimmed at +25*’C; for all 
other spans, it is assumed that the device is 
trimmed at the midpoint. 

3. For the 205°C span, it is assumed that the two-trim 
temperatures are in the vicinity of 0“C and + 140®C; 
for all other spans, the specified trims are at the 
endpoints. 

4. In precision applications, the actual errors encoun¬ 
tered are usually dependent upon sources of error 
which are often overlooked In error budgets. These 
typically include: 

a. Trim error in the calibration technique used 

b. Repeatability error 

c. Long-term drift errors 

Trim error is usually the largest error source. This error aris¬ 
es from such causes as poor thermal coupling between the 
device to be calibrated and the reference sensor; reference 
sensor errors; lack of adequate time for the device being 
calibrated to settle to the final temperature; radically differ¬ 
ent thermal resistances between the case and the sur¬ 
roundings (RacA) when trimming and when applying the de¬ 
vice. 



Repeatability errors arise from a strain hysteresis of the 
package. The magnitude of this error is solely a function of 
the magnitude of the temperature span over which the de¬ 
vice is used. For example, thermal shocks between 0*^0 and 
100“C Involve extremely low hysteresis and result in repeat¬ 
ability errors of less than ±0.05“C. When the thermal-shock 
excursion is widened to -55®C to + 150“C, the device will 
typically exhibit a repeatability error of ±0.05“C (±0.10 
guaranteed maximum). 

Long-term drift errors are related to the average operating 
temperature and the magnitude of the thermal shocks expe¬ 
rienced by the device. Extended use of the AD590 at tem¬ 
peratures above 100**C typically results in long-term drift of 
±0.03“C per month; the guaranteed maximum is ±0.10“C 
per month. Continuous operation at temperatures below 
100°C induces no measurable drifts in the device. Besides 
the effects of operating temperature, the severity of thermal 
shocks Incurred will also affect absolute stability. For ther¬ 
mal-shock excursions less than 100*^0, the drift is difficult to 
measure (<0.03‘’C). However, for 200“C excursions, the de¬ 
vice may drift by as much as ±0.10®C after twenty such 
shocks. If severe, quick shocks are necessary in the appli¬ 
cation of the device, realistic simulated life tests are recom¬ 
mended for a thorough evaluation of the error introduced by 
such shocks. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


6-5 


AD590 



s AD590 


< TYPICAL APPLICATIONS 




I (ADDITIONAL 
I SENSORS) 


> VouT(«vo)- (R) S i 







2982 



/ 




z 



218 

/ 





R I 

333.30 4 

0 . 1 % t 

(FOR 3 SENSORS) I 


0318-14 

Figure 10: Average-temperature sensing 
scheme. The sum of the AD590 currents appears 
across R, which is chosen by the formuia: 

^ lOkn 

R=- 

n being the number of sensors. 


218<*K 298.2«K 423*K 
(-S5»C)(+25»C) (+150*0 

TEMPERATURE 


Figure 8: Simpie connection. Output is 
proportionai to absoiute temperature. 



^0590 <AS MANY AS 

AHSSO DESIRED) 


0318-13 

Figure 9: Lowest-temperature sensing scheme. 
Avaiiabie current is that of the “coidest” sensor. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Figure 13: Centigrade thermometer (OX - 100‘'C). the uitra-low bias current of the iCL7611 aiiows the use of 
iarge-vaiue gain-resistors, keeping meter-current error under y 2 %, and therefore saving the expense of an 

extra meter-driving amplifier. 



0318-18 


Figure 14: Differential thermometer. The SOkH pot trims offsets in the devices whether internal or external, 
so it can be used to set the size of the difference Interval. This also makes it useful for liquid-level detection 
(where there will be a measurable temperature difference). 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Figure 15: Cold-junction compensation for type K thermocouple. The reference junction(s) should be in 
close thermal contact with the AD590 case. V+ must be at least 4V, while ICL8069 current should be set at 
1mA-2mA. Calibration does not require shorting or removal of the thermocouple: set Ri for V 2 = 10.98mV. 
if very precise measurements are needed, adjust R 2 to the exact Seebeck coefficient for the thermocouple 
used (measured or from table) note Vi, and set Ri to buck out this voltage (i.e., set V 2 = Vi). For other 
thermocouple types, adjust values to the appropriate Seebeck coefficient. 


500/4A 

+ 



0318-20 

Figure 16: Simplest thermometer. Meter displays current output directly in degrees Kelvin. Using the 
AD590M, sensor output is within ±1.7 degrees over the entire range, and less than ± 1 degree over the 

greater part of it. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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R3 


EB 

“F 


4.02 

2.0 

12.4 

10.0 

■■ 

D 


4.02 

2.0 

5.11 




S Rn = 28kn nominal 
n = l 

All values in kn 

The ICL7106 has a V|n span of ±2.0V, and a Vcm range of (V+ -0.5) 
Volts to (V“ +1) Volts; R is scaled to bring each range within Vcm 
while not exceeding V||vj. Vp^p for both scales is 500mV. Maximum 
reading on the Celsius range is 199.9°C, limited by the (short-term) 
maximum allowable sensor temperature. Maximum reading on the 
Fahrenheit range is 199.9^ (93.3*C), limited by the number of display 
digits. See note next page. 


0318-21 

Figure 17: Basic digitai thermometer, Ceisius and Fahrenheit scaies 


v+ 



Figure 18: Basic digitai thermometer, Keivin scaie. The Keivin scaie version reads from 0 to 1999''K 
theoreticaiiy, and from 223**K to 473'’K actuaiiy. The 2.26kll resistor brings the input within the ICL7106 Vqm 
range: 2 general-purpose silicon diodes or an LED may be substituted. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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Note on Figure 17, Figure 18 and Figure 19: Since all 3 
scales have narrow V|n spans, some optimization of 
ICL7106 components can be made to lower noise and pre¬ 
serve CMR. The table below shows the suggested values. 
Similar scaling can be used with the ICL7126/36. 


Scale 

V,N Range (V) 

R|NT{k^l) 

CAZ(f^F) 

K 

0.223 to 0.473 

220 

0.47 

C 

-0.25 to +1.0 

220 

0.1 

F 

-0.29 to +0.996 

220 

0.1 


For all: 

Cref=0.1/xF 

C|nT“0-22jijiF 


Rosc~ “lOOkn 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ICL8013 

Four Quadrant 
Analog Multiplier 



GENERAL DESCRIPTION 

The ICL8013 is a four quadrant analog multiplier whose 
output is proportional to the algebraic product of two input 
signals. Feedback around an internal op-amp provides level 
shifting and can be used to generate division and square 
root functions. A simple arrangement of potentiometers may 
be used to trim gain accuracy, offset voltage and feed¬ 
through performance. The high accuracy, wide bandwidth, 
and increased versatility of the iCL8013 make it ideal for all 
multiplier applications in control and instrumentation sys¬ 
tems. Applications include RMS measuring equipment, fre¬ 
quency doublers, balanced modulators and demodulators, 
function generators, and voltage controlled amplifiers. 


FEATURES 

• Accuracy of ±0.5% (“A” Version) 

• Full ± 10V Input Voltage Range 

• 1MHz Bandwidth 

• Uses Standard ± 15V Supplies 

• Built-in Op Amp Provides Level Shifting, Division and 
Square Root Functions 


ORDERING INFORMATION 


Part 

Number 

Muitipiication 

Error 

Temperature 

Range 

Package 


±0.5% "1 

-55*010 +125“C 


ICL8013BMTZ 

±1% ^MAX 

-55*0 to +125*0 


ICL8013CMTZ 

±2% J 

-55*0 to +125*0 

10-LEAD 

ICL8013ACTZ 

±5%] 

0*0 to +70*0 

TO-100 

ICL8013BCTZ 

±1% I^MAX 

0*0 to +70*0 



±2% J 

0*0 to +70*0 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302085-002 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.±18V 

Power Dissipation (Note 1) .SOOmW 

Input Voltages 

(X|N. Y|N, Z|n, XoS. Yos. Zos) .VsuPPLY 


NOTE 1: Derate at 6.8mW/‘’C for operation at ambient temperature above 75**C. 


Operating Temperature Range: 

ICL8013XC .0*CtO+70*C 

ICL8013XM.-55*Cto 

Storage Temperature Range.-65*Cto +150*C 

Lead Temperature (Soldering, 10sec) . 300*C 


NOTE: Stresses at)ove those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Unless otherwise specified Ta=25*C, Vsupply = ± 1 5V, Gain and Offset 
Potentiometers Externally Trimmed) 



Test Conditions 

ICL8013A 

ICL8013B 

ICL8013C 

Units 

_ 


Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 



Multiplier Function 



XY 









.. _ 




10 



10 



10 



Multiplication Error 

-10<X<10 

-10<Y<10 



0.5 



1.0 



2.0 

% Full Scale 

Divider Function 



10Z 



10Z 



10Z 







X 



X 



X 



Division Error 


X=-10 


0.3 



0.3 



0.3 


% Full Scale 



X=-1 


1.5 



1.5 



1.5 


% Full Scale 

Feedthrough 


X=0, Y=20V 



50 



100 



200 

mV 



Y=0,X=20V 



50 



100 



150 

mV 

Non-Linearity 

X Input 

X=20Vp.p 

Y=±10Vdc 


±0.5 



±0.5 



00 

d 

-H 


% 

_ 

Y Input 

Y = 20Vp.p 
X=±1C)Vdc 


±0.2 



±0.2 



±0.3 


% 

Frequency Response 

Small Signal Bandwidth (-3dB) 



1.0 



1.0 



1.0 


MHz 

Full Power Bandwidth 



750 



750 



750 


kHz 

Slew Rate 



45 



45 



45 


V/jas 

1 % Amplitude Error 



75 



75 



75 


kHz 

1 % Vector Error 



c 



c 





kHz 

(0.5® Chase Shift) 



O 



O 



0 


Settling Time 


V|N=±10V 


1 



1 



1 


fXS 

(to ±2% of Final Value) 

Overload Recovery 
(to ± 2% of Final Value) 



1 



1 



1 


JLiS 

Output Noise 


SHztolOkHz 


0.6 



0.6 



0.6 


mV rms 



5 Hz to 5 MHz 


3 



3 



3 


mV rms 

Input 

X Input 



10 



10 



10 


Mn 

Resistance 

Y Input 



6 



6 



6 


Mn 


Z Input 



36 



36 



36 


kft 

Input Bias 

X or Y Input 



2 

5 



7.5 



10 

ju,A 

Current 

Z Input 



25 



25 



25 


jmA 

Power 

Multiplication Error 



0.2 



0.2 



0.2 


%/% 

Supply 

Variation 

Output Offset 




50 



75 



100 

mV/V 

Scale Factor 



0.1 



0.1 



0.1 


%/% 

Quiescent Current 



3.5 

6.0 


3.5 

6.0 


3.5 

6.0 

mA 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise specified Ta=25*0, Vsupply^ ± 15V, Gain and Offset 
Potentiometers Externally Trimmed) (Continued) 


Parameter 

Test Conditions 

iCL8013A 

ICL8013B 

ICL8013C 

Units 

1^ 




BB 

U]3 


BB 


The Following Specifications Apply Over the Operating Temperature Ranges | 

Multiplication 

Error 

-10V<X|N<10V, 

-10V<Y|n<10V 





2 



3 



Average 

Temperature 

Coefficients 

Accuracy 



IttBi 



0.06 



0.06 


%/*C 

Output Offset 






1^1 



139 


mV/*C 

Scale Factor 









0.04 


%/*C 

input Bias 
Current 
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Figure 3: Differential Amplifier 


v+ 
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Figure 4: Transconductance Multiplier 


DETAILED DESCRIPTION 


The fundamental element of the ICL8013 multiplier is the 
bipolar differential amplifier of Figure 3. 

The small signal differential voltage gain of this circuit is 
given by 


_ Vqut _ 

V|N 


5l 

re 


Substituting re=—= 
9m 


ilL 

qlE 


VOUT-V|N V|N • ~y- 

The output voltage is thus proportional to the product of 
the input voltage V|n and the emitter current Ie- In the sim¬ 
ple transconductance multiplier of Figure 4, a current 
source comprising Q 3 , Di, and Ry is used. If Vy is large 
compared with the drop across Di, then 
Vy 

Id'V~= 2 Ie and 
Ry 


VoUT = (Vx • Vy) 

There are several difficulties with this simple modulator: 

1: Vy must be positive and greater than Vq. 

2: Some portion of the signal at Vx will appear at the 

output unless Ie=0. 

3: Vx must be a small signal for the differential pair to 

be linear. 

4: The output voltage Is not centered around ground. 

The first problem relates to the method of converting the 
Vy voltage to a current to vary the gain of the Vx differential 
pair. A better method, Figure 5, uses another differential 
pair but with considerable emitter degeneration. In this cir- 
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cult the differential input voltage appears across the com¬ 
mon emitter resistor, producing a current which adds or 
subtracts from the quiescent current in either collector. This 
type of voltage to current converter handles signals from 0 
volts to ± 10 volts with excellent linearity. 


v+ 



0325-5 

Figure 5: Voltage to Current Converter 


The second problem is called feedthrough; i.e. the prod¬ 
uct of zero and some finite input signal does not produce 
zero output voltage. The circuit whose operation Is illustrat¬ 
ed by Figures 6 A, B, and C overcomes this problem and 
forms the heart of many multiplier circuits in use today. 

This circuit is basically two matched differential pairs with 
cross coupled collectors. Consider the case shown in 6 A of 
exactly equal current sources biasing the two pairs. With a 
small positive signal at V||sj, the collector current of Qi and 
Q 4 will increase but the collector currents of Q 2 and Q 3 will 
decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors re¬ 
mains unchanged and independent of the V|n input voltage. 



In Figure 6 B, notice that with V|n= 0 any variation in the 
ratio of biasing current sources will produce a common 
mode voltage across the load resistors. The differential out¬ 
put voltage will remain zero. In Figure 6 C we apply a differ¬ 
ential input voltage with unbalanced current sources. If Iei 
is twice iE 2 > the gain of differential pair Qi and Q 2 is twice 
the gain of pair Q 3 and Q 4 . Therefore, the change in cross 
coupled collector currents will be unequal and a differential 
output voltage will result. By replacing the separate biasing 
current sources with the voltage to current converter of Fig¬ 
ure 5 we have a balanced multiplier circuit capable of four 
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This circuit of Figure 7 still has the problem that the Input 
voltage Vin must be small to keep the differential amplifier 
In the linear region. To be able to handle large signals, we 
need an amplitude compression circuit. 





0325-9 

Figure 7: Typical Four Quadrant 
Multiplier-Modulator 
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Figure 8A: Current Gain Ceii 
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Figure 8B: Voltage Gain with 
Signal Compression 


Figure 5 showed a current source formed by relying on 
the matching characteristics of a diode and the emitter base 
junction of a transistor. Extension of this idea to a differen¬ 
tial circuit is shown in Figure 8 A. In a differential pair, the 
input voltage splits the biasing current in a logarithmic ratio. 
(The usual assumption of linearity is useful only for small 
signals.) Since the input to the differential pair in Figure 8 A 
is the difference in voltage across the two diodes, which in 
turn is proportional to the log of the ratio of drive currents, it 
follows that the ratio of diode currents and the ratio of col¬ 
lector currents are linearly related and independent of am¬ 
plitude. If we combine this circuit with the voltage to current 
converter of Figure 5, we have Figure 8 B. The output of the 
differential amplifier is now proportional to the input voltage 
over a large dynamic range, thereby improving linearity 
while minimizing drift and noise factors. 

The complete schematic is shown in Figure 9. The differ¬ 
ential pair Q 3 and Q 4 form a voltage to current converter 
whose output is compressed in collector diodes Qi and Q 2 . 
These diodes drive the balanced cross-coupled differential 
amplifier Qj/Qq Q 14 /Q 15 . The gain of these amplifiers Is 
modulated by the voltage to current converter Qg and Qio- 
Transistors Q 5 , Qe, Qn, and Q 12 are constant current 
sources which bias the voltage to current converter. The 
output amplifier comprises transistors Qie through Q 27 . 
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Figure 9: ICL8013 Schematic 0325-12 


MULTIPLICATION 

In the standard multiplier connection, the Z terminal is 
connected to the op amp output. All of the modulator output 
current thus flows through the feedback resistor R27 and 
produces a proportional output voltage. 



1 . Set X|N=Y|n = OV and adjust Zqs ^or zero Output. 


2. Apply a ± 10V low frequency (^ 10OHz) sweep (sine 
or triangle) to Y|n with X|n=0 V, and adjust Xqs for 
minimum output. 

3. Apply the sweep signal of Step 2 to X|n with 
Y|n = 0 V and adjust Yqs for minimum Output. 

4. Readjust Zqs as in Step 1, if necessary. 

5. With X|N = 10.OV DC and the sweep signal of Step 2 
applied to Yjn, adjust the Gain potentiometer for 
Output=Y|| m. This Is easily accomplished with a dif¬ 
ferential scope plug-in (A+B) by inverting one sig¬ 
nal and adjusting Gain control for 
(Output - Y|n) = Zero. 



DIVISION 

If the Z terminal is used as an input, and the output of the 
op-amp connected to the Y input, the device functions as a 
divider. Since the input to the op-amp is at virtual ground, 
and requires negligible bias current, the overall feedback 
forces the modulator output current to equal the current 
produced by Z. 

Therefore Io~X|n*Y||sj=-—=10Z|n 

Since Y|n = Eout. Eout=-^c^ 

X|N 
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Note that when connected as a divider, the X input must 
be a negative voltage to maintain overall negative feedback. 


Yin modulator 

It 

1 

10 

^SE0UT=Tf;;;p 

OP AM^—•—0 

V 
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Figure 11 A: Division Biock Diagram 


Xos Yos Zos 
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Figure 11B; Actual Circuit Connection 


SQUARING 

The squaring function is achieved by simply multiplying 
with the two inputs tied together. The squaring circuit may 
also be used as the basis for a frequency doubler since 
COS2ct)t= y2 (cos 2ft)t+ 1). 




Divider Trimming Procedure 

1 . Set trimming potentiometers at mid-scale by adjust¬ 
ing voltage on pins 7, 9 and 10 (Xqs. Yqs. Zqs) 
zero volts. 

2 . With Z|N = OV, trim Zqs to hold the Output constant, 
as X|N is varied from -10V through -IV. 

3. With Z|N = OV and Xin = -1 0.OV adjust Yqs tor zero 
Output voltage. 

4. With Z|N=X|N (and/or Z|n= ~X|n) adjust Xqs tor 
minimum worst-case variation of Output, as X|n is 
varied from -10V to -1V. 

5. Repeat Steps 2 and 3 if Step 4 required a large 
initial adjustment. 

6 . With Z|N = X|N (and/or Z|n= -X|n) adjust the gain 
control until the output Is the closest average 
around + 10.0V (-10V for Z|n=-X|n) as X|n is 
varied from -10V to -3V. 


SQUARE ROOT 

Tying the X and Y Inputs together and using overall feed¬ 
back from the Op Amp results in the square root function. 
The output of the modulator is again forced to equal the 
current produced by the Z input. 

lo=X| n*Y in = (- E out)^= 10Z|N 
EoUT=-'/10Z|n 

The output is a negative voltage which maintains overall 
negative feedback. A diode In series with the Op Amp out¬ 
put prevents the latchup that would otherwise occur for 
negative input voltages. 


z 



Figure 13A: Square Root Block Diagram 
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Square Root Trimming Procedure 

1 . Connect the ICL8013 in the Divider configuration. 

2 . Adjust Zos« Yqs* Xos« snd Gain using Steps 1 
through 6 of Divider Trimming Procedure. 

3. Convert to the Square Root configuration by con¬ 
necting X|N to the Output and inserting a diode be¬ 
tween Pin 4 and the Output node. 

4. With Z|N = OV adjust Zqs for zero Output voltage. 

VARIABLE GAIN AMPLIFIER 

Most applications for the ICL8013 are straight forward 
variations of the simple arithmetic functions described 
above. Although the circuit description frequently disguises 
the fact, it has already been shown that the frequency dou¬ 
bler is nothing more than a squaring circuit. Similarly the 
variable gain amplifier is nothing more than a multiplier, with 
the Input signal applied at the X input and the control volt¬ 
age applied at the Y input. 



TYPICAL APPLICATIONS 



CO 

o 

CO 


Xos Yos Zos 



lOZiN 

XiN 
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Figure 17; Potentiometers for Trimming Offset 
and Feedthrough 



INTERSIL’S SOLf AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


6-19 














ICL8013 


ICL8013 


TYPICAL PERFORMANCE CHARACTERISTICS 


AMPLITUDE AND PHASE AS A 
FUNCTION OF FREQUENCY 
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FREQUENCY (Hx) 


NONLINEARITY AS A 
FUNCTION OF FREQUENCY 
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Ik 10k 
FREQUENCY (Hz) 


FEEDTHROUGH AS A 
FUNCTION OF FREQUENCY 
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10k 100k 1M 10M 

FREQUENCY (Hz) 


DEFINITION OF TERMS 

Multiplication/Division Error: This is the basic accuracy 
specification, it includes terms due to linearity, gain, and 
offset errors, and is expressed as a percentage of the full 
scale output. 

Feedthrough: With either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal ap¬ 
plied to the other input. The output seen in a non-ideal mul¬ 
tiplier is known as the feedthrough. 


Nonlinearity: The maximum deviation from the best straight 
line constructed through the output data, expressed as a 
percentage of full scale. One input is held constant and the 
other swept through its nominal range. The nonlinearity is 
the component of the total multiplication/divislon error 
which cannot be trimmed out. 
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ICL8038 

Precision Waveform 
Generator/Voitage 
Controiied Osciiiator 


GENERAL DESCRIPTION 

The ICL8038 Waveform Generator is a monolithic inte¬ 
grated circuit capable of producing high accuracy sine, 
square, triangular, sawtooth and pulse waveforms with a 
minimum of external components. The frequency (or repeti¬ 
tion rate) can be selected externally from .001 Hz to more 
than 300kHz using either resistors or capacitors, and fre¬ 
quency modulation and sweeping can be accomplished with 
an external voltage. The ICL8038 is fabricated with ad¬ 
vanced monolithic technology, using Schottky-barrier di¬ 
odes and thin film resistors, and the output is stable over a 
wide range of temperature and supply variations. These de¬ 
vices may be interfaced with phase locked loop circuitry to 
reduce temperature drift to less than 250ppm/'’C. 

ORDERING INFORMATION 


FEATURES 

• Low Frequency Drift With Temperature 
— 250ppmrc 

• Simuitaneous Sine, Square, and Triangie Wave 
Outputs 

• Low Distortion — 1% (Sine Wave Output) 

• High Linearity —0.1% (Triangie Wave Output) 

• Wide Operating Frequency Range —0.001Hz to 
300kHz 

• Variabie Duty Cycie — 2% to 98% 

• High Levei Outputs — TTL to 28V 

• Easy to Use — Just A Handfui of Externai 
Components Required 



Stabiiity 

Temp. Range 

Package 

ICL8038CCPD 

250ppm/“C typ 

0“Cto +70“C 

14 pin MinIDIP 

ICL8038CCJD 

250ppm/®C typ 

0“Cto +70*0 

CERDIP 

ICL8038BCJD 

180ppm/®Ctyp 

0*Cto +70‘*C 

CERDIP 

ICL8038ACJD 

120ppm/“C typ 110 

O-Cto +70“C 

CERDIP 

ICL8038BMJD* 

350ppm/“C max 

-55*Cto +125“C 

CERDIP 

ICL8038AMJD* 

250ppm/'’C max 

-55"Cto +125*C 

CERDIP 

^Add /883B to part number if 883 processing is required. 


CURRENT ^ 
SOURCE^ 


I COMPARATOR I 


I COMPARATOR I 


CURRENT f 
SOURCE k 
# 2 / 


SINE WAVE ix 
ADJUST LL 
SINE WAVE (x 
OUT Ll 

TRIANGLE fZ 
OUT Li 

DUTY rr 
CYCLE^ Li 
FREQUENCY' _ 
ADJUST Li 



SINE WAVE 
ADJUST 


hi \r OR QNO 


TIMING 
CAPACITOR 
SQUARE WAVE 
OUT 

FM SWEEP 
INPUT 


I SINE I 
ICONVERTERf 




Figure 2: Pin Configuration 
(Outiine dwg JD) 


Figure 1: Functionai Diagram 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V- to V+) .36V 

Power DissipationC). 750mW 

Input Voltage (any pin) .V- to V+ 

Input Current (Pins 4 and 5) .25mA 

Output Sink Current (Pins 3 and 9) .25mA 


Storage Temperature Range.-65'’Cto ^-ISO^C 

Operating Temperature Range: 

8038AM, 8038BM .-55*0 to + 125"C 

8038AC, 8038BC, 8038CC.0“Cto +70"C 

Lead Temperature (Soldering, 10sec) . 300*0 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTE 1: Derate ceramic package at 12.5mW/‘’C for ambient temperatures above 100“C. 


ELECTRICAL CHARACTERISTICS {Vsupply= ±10V or + 20 V, Ta=25'C, Rl= 10 kn. Test Circuit Unless 
otherwise Specified) 


Symbol 

General Characteristics 

8038CC 

8038BC(BM) 

8038AC(AM) 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

ITTBl 

d 


Vsupply 

Supply Voltage Operating Range 










bibb 

v+ 

Single Supply 




bei 


WRIM 

bei 



l^^^l 

v+,v- 

Dual Supplies 

±5 


±15 



±15 

■B 


±15 






Bii 

Bl 

Bfl 

Bl 

[^1 

IBI 

IfB 

IBHI 


Bili 


Bili 

BHI 

la 

15 


■a 

la 

mA 



■a 

WSM 


la 

WHM 


■a 

KM 

mA 

Frequency Characteristics (all waveforms) | 

ISBH 








W>!»1 







MB 



■a 



la 


kHz 


Sweep FM Range(3) 


ESI 








IIBBIBI 


FM Linearity 10:1 Ratio 


BiUI 



n 






Af/AT 

Frequency Drift With Temperature(5) 
8038 AC, BC, CC 0*C to 70*C 


250 



180 



120 


ppm/*C 

8038 AM, BM, -55*Cto 125*C 









KS»1 


Frequency Drift With Supply Voltage 
(Over Supply Voltage Range) 


0.05 









Output Characteristics | 

•OLK 

Square-Wave 

Leakage Current (Vg^SOV) 



1 



1 



1 


VSAT 

Saturation Voltage (lsiNK=2mA) 



BI3i 



BEI 


ES 

BB 


tr 

Rise Time (RL=4.7kll) 


MSI 



BB 



KEfil 



tf 

Fall Time (RL=4.7kn) 


mm 



■a 



40 


ns 

AD 

Typical Duty Cycle Adjust (Note 6) 

2 


IBB 



sa 

wm 


98 

% 

Vtriangle 

Triangle/Sawtooth/Ramp 

Amplitude (Rjri = 10Okft) 

0.30 

0.33 


0.30 

0.33 

■ 


0.33 


xVsUPPLY 


Linearity 


Bl 



0.05 



0.05 


% 

Zqut 

Output Impedance (louT=5mA) 





200 



200 


n 





■ 









THD (Rs=1Mn)(4) 



5 


1 

B 


BB 

IB 

% 


THD Adjusted (Use Figure 6) 


IB 



IB 



EB 


% 


NOTES: 2. Ra and Rb currents not included. 

3. Vsupply=20V; Ra and RB = 10kft, 10kHz nominal; can be extended 1000 to 1. See Figures 7a and 7b. 

4. 82kn connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Ra and Rb.) 

5. Figure 3, pins 7 and 8 connected, Vsupply= ±10V. See Typical Curves for T.C. vs Vsupply- 

6. Not tested, typical value for design purposes only. 
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TEST CONDITIONS 



Parameter 

Ra 

Rb 

Rl 

Cl 

SWi 

Measure 

Supply Current 

lOkft 



3.3nF 

Closed 

Current Into Pin 6 

Sweep FM Range(i) 

lOkft 





Frequency at Pin 9 

Frequency Drift with Temperature 

lOkft 

lOkft 




Frequency at Pin 3 

Frequency Drift with Supply Voltage(2) 

10 kft 

lOkft 

lOkft 




Output Amplitude: 

(Note 4) 

Sine 

lOkft 

lOkft 

lOkft 




Triangle 



lOkft 




Leakage Current (off)(3) 

lOkft 

lOkft 




Current into Pin 9 

Saturation Voltage (on)(3) 

lOkft 

lOkft 


3.3nF 

Closed 

Output (low) at Pin 9 

Rise and Fall Times (Note 5) 

lOkft 

lOkft 

4.7kft 

3.3nF 

Closed 

Waveform at Pin 9 




~ 1 . 6 kft 

lOkft 

3.3nF 

Closed 

Waveform at Pin 9 


~25kft 

50kft 



Closed 

Waveform at Pin 9 

Triangle Waveform Linearity 

lOkft 

lOkft 



Closed 

Waveform at Pin 3 

Total Harmonic Distortion 

lOkft 

lOkft 

lOkft 

3.3nF 

Closed 

Waveform at Pin 2 


NOTES: 1. The hi and lo frequencies can be obtained by connecting pin 8 to pin 7 (fhi) and then connecting pin 8 to pin 6 (f|o). Otherwise apply Sweep Voltage at 
pin 8 (Va Vsupply +2V)^Vsweep^Vsupply where Vsupply 'S the total supply voltage. In Figure 7b, pin 8 should vary between 5.3V and 10V with 
respect to ground. 

2. 10V^V+ ^30V, or ±5 V^Vsupply^ ± 15V. 

3. Oscillation can be halted by forcing pin 10 to +5 volts or -5 volts. 

4. Output Amplitude is tested under static conditions by forcing pin 10 to 5.0V then to -5.0V. 

5. Not tested; for design purposes only. 

DEFINITION OF TERMS: 

Supply Voltage (Vsupply)* total supply voltage from 
V+ to V- 

Supply Current. The supply current required from the pow¬ 
er supply to operate the device, excluding load currents and 
the currents through Ra and Re- 

Frequency Range. The frequency range at the square 
wave output through which circuit operation is guaranteed. 

Sweep FM Range. The ratio of maximum frequency to mini¬ 
mum frequency which can be obtained by applying a sweep 
voltage to pin 8 . For correct operation, the sweep voltage 
should be within the range 

iVs Vsupply + 2 V) <Vsweep < Vsupply 
FM Linearity. The percentage deviation from the best-fit 
straight line on the control voltage versus output frequency 
curve. 

Output Amplitude. The peak-to-peak signal amplitude ap¬ 
pearing at the outputs. 

Saturation Voltage. The output voltage at the collector of 
Q 23 when this transistor is turned on. It is measured for a 
sink current of 2mA. 

Rise and Fall Times. The time required for the square wave 
output to change from 10% to 90%, or 90% to 10%, of its 
final value. 


Triangle Waveform Linearity. The percentage deviation 
from the best-fit straight line on the rising and falling triangle 
waveform. 


Total Harmonic Distortion. The total harmonic distortion 
at the sine-wave output. 
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NORMAUZiO OUTPUT VOLTAGE NORMALIZED PEAK OUTPUT VOLTAGE n SUPPLY CURRENT 


1.03 



NOTE: AH typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 
(See Figure 1) 

An external capacitor C is charged and discharged by two 
current sources. Current source #2 is switched on and off 
by a flip-flop, while current source #1 is on continuously. 
Assuming that the flip-flop is in a state such that current 
source #2 is off, and the capacitor is charged with a current 
I, the voltage across the capacitor rises linearily with time. 
When this voltage reaches the level of comparator # 1 (set 
at 2/3 of the supply voltage), the flip-flop is triggered, chang¬ 
es states, and releases current source #2. This current 
source normally carries a current 2 i, thus the capacitor is 
discharged with a net-current I and the voltage across It 
drops linearly with time. When it has reached the level of 
comparator #2 (set at Vs of the supply voltage), the flip-flop 
is triggered into its original state and the cycle starts again. 

Four waveforms are readily obtainable from this basic 
generator circuit. With the current sources set at I and 2I 
respectively, the charge and discharge times are equal. 
Thus a triangle waveform is created across the capacitor 
and the flip-flop produces a square-wave. Both waveforms 
are fed to buffer stages and are available at pins 3 and 9. 

The levels of the current sources can, however, be se¬ 
lected over a wide range with two external resistors. There¬ 
fore, with the two currents set at values different from I and 
2I, an asymmetrical sawtooth appears at terminal 3 and 
pulses with a duty cycle from less than 1 % to greater than 
99% are available at terminal 9. 

The sine-wave is created by feeding the triangle-wave 
into a non-linear network (sine-converter). This network pro¬ 
vides a decreasing shunt-impedance as the potential of the 
triangle moves toward the two extremes. 


controls the rising portion of the triangle and sine-wave and 
the 1 state of the square-wave. 

The magnitude of the triangle-waveform is set at Vs Vsup- 
ply; therefore the rising portion of the triangle is, 
cxv _ cxy3XVsuppLY^RA _ RAXC 

^ I 0.22XVsupply 
The falling portion of the triangle and sine-wave and the 0 
state of the square-wave is: 


t 2 


CXY 

I 


CXjVsuPPLY 

2,o,22)taLY_0.22VsyPPLY 

Rb Ra 


RaRbC 

0.66(2Ra-Rb) 


Thus a 50% duty cycle is achieved when Ra= Rb- 


If the duty-cycle is to be varied over a small range about 
50% only, the connection shown in Figure 5b is slightly 
more convenient. If no adjustment of the duty cycle Is de¬ 
sired, terminals 4 and 5 can be shorted together, as shown 
in Figure 5c. This connection, however, causes an inherent¬ 
ly larger variation of the duty-cycle, frequency, etc. 


With two separate timing resistors, the frequency is given 
by 


ti+t 2 


or. If Ra=Rb = R 


1 


1.66V 


RaC 
0, 


Rb ^ 
2Ra-Rb/ 



0.33 

f(for Figure 5a) 
RC 


WAVEFORM TIMING 

The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in Figure 5. Best results are obtained by 
keeping the timing resistors Ra and Rb separate (a). Ra 


If a single timing resistor is used (Figure 5c only), the 
frequency is 

0.165 

RC 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


6-25 


ICL8038 



















ICL8038 


^fliRSuii^fliL 


ICL8038 



Neither time nor frequency are dependent on supply volt¬ 
age, even though none of the voltages are regulated inside 
the integrated circuit. This is due to the fact that both cur¬ 
rents and thresholds are direct, linear functions of the sup¬ 
ply voltage and thus their effects cancel. 

To minimize sine-wave distortion the 82kn resistor be¬ 
tween pins 11 and 12 is best made variable. With this ar¬ 
rangement distortion of less than 1 % is achievable. To re¬ 
duce this even further, two potentiometers can be connect¬ 
ed as shown in Figure 6; this configuration allows a typical 
reduction of sine-wave distortion close to 0.5%. 



VorQND 


0326-19 

Figure 6: Connection to Achieve 
Minimum Sine-Wave Distortion 


SELECTING Ra, Rb and C 

For any given output frequency, there is a wide range of 
RC combinations that will work, however certain constraints 
are placed upon the magnitude of the charging current for 
optimum performance. At the low end, currents of less than 
1 jliA are undesirable because circuit leakages will contrib¬ 
ute significant errors at high temperatures. At higher cur¬ 
rents (I > 5mA), transistor betas and saturation voltages will 
contribute increasingly larger errors. Optimum performance 
will, therefore, be obtained with charging currents of lO/xA 
to 1 mA. if pins 7 and 8 are shorted together, the magnitude 
of the charging current due to Ra can be calculated from: 

^ RlX(V+-V-) ^^ 1 0.22(V+-V-) 

(R1 + R2) Ra Ra 

A similar calculation holds for Rb- 

The capacitor value should be chosen at the upper end of 
its possible range. 

WAVEFORM OUT LEVEL CONTROL 
AND POWER SUPPLIES 

The waveform generator can be operated either from a 
single power-supply (10 to 30 Volts) or a dual power-supply 
(±5 to ±15 Volts). With a single power-supply the average 
levels of the triangle and sine-wave are at exactly one-half 
of the supply voltage, while the square-wave alternates be¬ 
tween V+ and ground. A split power supply has the advan¬ 
tage that all waveforms move symmetrically about ground. 

The square-wave output is not committed. A load resistor 
can be connected to a different power-supply, as long as 
the applied voltage remains within the breakdown capability 
of the waveform generator (30V). In this way, the square- 
wave output can be made TTL compatible (load resistor 
connected to + 5 Volts) while the waveform generator itself 
is powered from a much higher voltage. 
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FREQUENCY MODULATION AND 
SWEEPING 

The frequency of the waveform generator is a direct func¬ 
tion of the DC voltage at terminal 8 (measured from V+). By 
altering this voltage, frequency modulation is performed. 
For small deviations (e.g. ±10%) the modulating signal can 
be applied directly to pin 8, merely providing DC decoupling 
with a capacitor as shown in Figure 7a. An external resistor 
between pins 7 and 8 is not necessary, but it can be used to 
increase input impedance from about 8kll (pins 7 and 8 
connected together), to about (R + 8kft). 

For larger FM deviations or for frequency sweeping, the 
modulating signal is applied between the positive supply 
voltage and pin 8 (Figure 7b). In this way the entire bias for 
the current sources is created by the modulating signal, and 
a very large (e.g. 1000:1) sweep range is created (f=0 at 
Vsweep=0)- Care must be taken, however, to regulate the 
supply voltage; in this configuration the charge current is no 
longer a function of the supply voltage (yet the trigger 
thresholds still are) and thus the frequency becomes de¬ 
pendent on the supply voltage. The potential on Pin 8 may 
be swept down from V+ by (Va VsupplY”2V). 

APPLICATIONS 

The sine wave output has a relatively high output imped¬ 
ance (Ikft Typ). The circuit of Figure 8 provides buffering, 
gain and amplitude adjustment. A simple op amp follower 
could also be used. 

With a dual supply voltage the external capacitor on Pin 
10 can be shorted to ground to halt the ICL8038 oscillation. 
Figure 9 shows a FET switch, diode ANDed with an input 
strobe signal to allow the output to always start on the same 
slope. 

To obtain a 1000:1 Sweep Range on the ICL8038 the 
voltage across external resistors Ra and Rb must decrease 
to nearly zero. This requires that the highest voltage on con- 



Figure 8: Sine Wave Output Buffer Amplifiers 


trol Pin 8 exceed the voltage at the top of Ra and Rb by a 
few hundred millivolts. The Circuit of Figure 10 achieves this 
by using a diode to lower the effective supply voltage on the 
ICL8038. The large resistor on pin 5 helps reduce duty cycle 
variations with sweep. 

The linearity of Input sweep voltage versus output fre¬ 
quency can be significantly improved by using an op amp as 
shown in Figure 11. 

USE IN PHASE-LOCKED LOOPS 

Its high frequency stability makes the ICL8038 an ideal 
building block for a phase-locked loop as shown in Figure 
12. In this application the remaining functional blocks, the 
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phase-detector and the amplifier, can be formed by a num¬ 
ber of available IC’s (e.g. MC4344, NE562, HA2800, 
HA2820) 

In order to match these building blocks to each other, two 
steps must be taken. First, two different supply voltages are 
used and the square wave output is returned to the supply 
of the phase detector. This assures that the VCO input volt¬ 
age will not exceed the capabilities of the phase detector. If 
a smaller VCO signal is required, a simple resistive voltage 
divider is connected between pin 9 of the waveform genera¬ 
tor and the VCO input of the phase-detector. 


Second, the DC output level of the amplifier must be 
made compatible to the DC level required at the FM input of 
the waveform generator (pin 8, 0.8V+). The simplest solu¬ 
tion here is to provide a voltage divider to V+ (Ri, R 2 as 
shown) if the amplifier has a lower output level, or to ground 
if its level is higher. The divider can be made part of the low- 
pass filter. 

This application not only provides for a free-running fre¬ 
quency with very low temperature drift, but it also has the 
unique feature of producing a large reconstituted sinewave 
signal with a frequency identical to that at the input. 

For further information, see Intersil Application Note 
A013, “Everything You Always Wanted to Know About The 
ICL8038.” 
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ICL8048/ICL8049 

Log/Antilog Amplifier 



GENERAL DESCRIPTION 

The 8048 is a monolithic logarithmic amplifier capable of 
handling six decades of current input, or three decades of 
voltage input. It is fully temperature compensated and is 
nominally designed to provide 1 volt of output for each dec¬ 
ade change of input. For increased flexibility, the scale fac¬ 
tor, reference current and offset voltage are externally ad¬ 
justable. 

The 8049 is the antilogarithmic counterpart of the 8048; it 
nominally generates one decade of output voltage for each 
1 volt change at the input. 


FEATURES 

• 14% Full Scale Accuracy 

• Temperature Compensated for 0°C to + 70X 
Operation 

• Scale Factor IV/Decade, Adjustable 

• 120dB Dynamic Current Range (8048) 

• 60dB Dynamic Voltage Range (8048 & 8049) 

• Dual JFET-Input Op-Amps 


ORDERING INFORMATION 


Part Number 

Error (25‘’C) 

Temperature Range 

Package 

ICL8048BCJE 


0“Cto +70"C 

16 Pin CERDIP 

ICL8048CCJE 

60mV 

O^Cto +70“C 

16 Pin CERDIP 

ICL8049BCJE 




ICL8049CCJE 






GROUND Cl 

9S 

]I] iref 

Ai INPUT d 


iU viN 

iinCI 


30 GAIN 

GAIN (T 


H) GROUND 

NO CONNECTION (T 


30 NO CONNECTION 

•refCT 


143 A 2 INPUT 

Ai OFFSET NULL [Z 


jO A 2 offset NULL 

Ai offset null d 


13 ] A 2 OFFSET NULL 

Ai OFFSET NULL [T 

]7) A 2 OFFSET NULL 

Ai OFFSET NULL [J 

12 ] A 2 OFFSET NULL 

v-d 


IDv+ 

V- (T 


33 v+ 

Ai OUTPUT CZ 


jD VOUT 

Ai OUTPUT Cl 


10 ) VOUT 

NO CONNECTION [T 


T) NO CONNECTION 

0313-3 

NO CONNECTION [T 

^5 

D NO CONNECTION 

0313-4 



Figure 2: Pin Configurations (Outline Dwg JE) 
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ABSOLUTE MAXIMUM RATINGS (ICL8048) 


Supply Voltage.±18V 

I|N (Input Current) .2mA 

Iref (Reference Current) .2mA 

Voltage between Offset Null and V+ .±0.5V 

Power Dissipation. 750mW 


Operating Temperature Range .O^C to + 70®C 

Output Short Circuit Duration .Indefinite 

Storage Temperature Range.-65®Cto +150®C 

Lead Temperature (Soldering, 10sec) . 300“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (ICL8048) Vs = ± 15V, Ta=25“C, Iref= 1 niA, scale factor adjusted 
for 1 V/decade unless otherwise specified. 


Parameter 

Test Conditions 

8048BC 

8048CC 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Dynamic Range 
ll(si (InA - 1mA) 

V|N (lOmV-IOV) 

R|N = lOkfl 

120 

60 



120 

60 



dB 

dB 

Error, % of Full Scale 

Ta=25‘’C, l|N = 1nAto1mA 


.20 

0.5 


.25 

1.0 

% 

Error, % of Full Scale 

TA = 0“Cto +70“C, 
llN = 1nAto 1mA 


.60 

1.25 


.80 

2.5 

% 

Error, Absolute Value 

Ta=25‘’C, l|N = 1nAto 1mA 


12 

30 


14 

60 

mV 

Error, Absolute Value 

TA = 0‘’Cto +70“C 
l|N = 1nA to 1mA 


36 

75 


50 

150 

mV 

Temperature Coefficient of Vqut 

l|(M= InA to 1mA 


0.8 



0.8 


mV/*C 

Power Supply Rejection Ratio 

Referred to Output 


2.5 



2.5 


mV/V 

Offset Voltage (Ai & A 2 ) 

Before Nulling 


15 

25 


15 

50 

mV 

Wideband Noise 

At Output, for l|N = 10O/xA 


250 



250 


laV(RMS) 

Output Voltage Swing 

RL=10kft 

^ ±12 

±14 


±12 

±14 


V 

RL=2kn 

! ±10 

±13 


±10 

±13 


V 

Power Consumption 



150 

200 



200 

mW 

Supply Current 



5 

6.7 


5 

6.7 

mA 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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MAXIMUM ERROR VOLTAGE AT 
THE OUTPUT AS A FUNCTION OF 
INPUT CURRENT 
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MAXIMUM ERROR VOLTAGE AT 
THE OUTPUT AS A FUNCTION OF 
INPUT VOLTAGE 
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SMALL SIGNAL VOLTAGE GAIN AS A 
FUNCTION OF INPUT VOLTAGE FOR 



INPUT VOLTAGE 
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ABSOLUTE MAXIMUM RATINGS (ICL8049) 


Supply Voltage.+18V 

V|N (Input Voltage).±15V 

Iref (Reference Current) .2mA 

Voltage between Offset Null and V+ .±0.5V 

Power Dissipation. 750mW 


Operating Temperature Range .0“C to + 70*C 

Output Short Circuit Duration .Indefinite 

Storage Temperature Range.-es^C to + ISO^C 

Lead Temperature (Soldering, 10sec) . 300“C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (ICL8049) Vs= ± 1 5V, Ta=25“C, Iref= 1 scale factor adjusted 

for 1 decade (out) per volt (in), unless otherwise specified. 


Parameter 

Test Conditions 

8049BC 

8049CC 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Dynamic Range (Vqut) 

Vqut ~ ^ OmV to 10V 

60 



60 



dB 

Error, Absolute Value 

Ta = 25°C, 0V^V|n^2V 


3 

15 


5 

25 

mV 

Error, Absolute Value 

TA=0°Cto +70°C, 
0ViV|N^3V 


20 

75 


30 

150 

mV 

Temperature Coefficient, Referred to V|n 

> 

CO 

II 

2 

> 


0.38 



0.55 


mVrC 

Power Supply Rejection Ratio 

Referred to Input, for 
Vn=0V 


2.0 



2.0 


ju,V/V 

Offset Voltage (Ai & Aa) 

Before Nulling 


15 

25 


15 

50 

mV 

Wideband Noise 

Referred to Input, for 

V,N = 0V 


26 



26 


jaV(RMS) 

Output Voltage Swing 

RL=10kn 

±12 

±14 


±12 

±14 


V 

RL=2kn 

±10 

±13 


±10 

±13 


V 

Power Consumption 



150 

200 


150 

200 

mW 

Supply Current 



5 

6.7 


5 

6.7 

mA 


TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


SMALL SIGNAL BANDWIDTH AS A 
FUNCTION OF INPUT VOLTAGE 



0 1 2 3 

INPUT VOLTAGE (V) 


SMALL SIGNAL VOLTAGE GAIN AS A 
FUNCTION OF INPUT VOLTAGE 



INPUT VOLTAGE IV) 
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ICL8048 DETAILED DESCRIPTION 

The ICL8048 relies for its operation on the well-known 
exponential relationship between the collector current and 
the base-emitter voltage of a transistor: 

lc=ls[eqVBE/kT-i] (1) 

For base-emitter voltages greater than 100mV, Eq. (1) 
becomes 

lc=lseqVBE/kT (2) 

From Eq. (2), it can be shown that for two identical tran¬ 
sistors operating at different collector currents, the Vbe dif¬ 
ference (AVbe) is given by: 

AVbe= -2.303X— logic f !^1 (3) 

q LIC2J 

Referring to Figure 3, it is clear that the potential at the 
collector of Q 2 is equal to the AVbe between Qi and Q 2 . 
The output voltage is AVbe multiplied by the gain of A 2 : 


kT 

The expression 2.303 x — has a numerical value of 59mV 

q 

at 25'’C; thus in order to generate 1 volt/decade at the out¬ 
put, the ratio (Ri + R 2 )/R 2 is chosen to be 16.9. For this 
scale factor to hold constant as a function of temperature, 
the (Ri + R 2 )/R 2 term must have a 1/T characteristic to 
compensate for kT/q. 

In the ICL8048 this is achieved by making Ri a thin film 
resistor, deposited on the monolithic chip. It has a nominal 
value of 15.9kfl at 25*0, and its temperature coefficient is 
carefully designed to provide the necessary compensation. 


0313-14 

Resistor R 2 is external and should be a low T.C. type; it 
should have a nominal value of 1 kH to provide 1 volt/dec¬ 
ade, and must have an adjustment range of ± 20 % to allow 
for production variations in the absolute value of R-j. 

ICL8048 OFFSET AND SCALE FACTOR 
ADJUSTMENT* 

A log amp, unlike an op-amp, cannot be offset adjusted 
by simply grounding the input. This is because the log of 
zero approaches minus infinity; reducing the input current to 
zero starves Q-j of collector current and opens the feedback 
loop around Ai. Instead, it is necessary to zero the offset 
voltage of Ai and A 2 separately, and then to adjust the 
scale factor. Referring to Figure 3, this is done as follows: 

1 ) Temporarily connect a lOkft resistor (Rq) between 
pins 2 and 7. With no input voltage, adjust R 4 until 
the output of Ai (pin 7) is zero. Remove Rq. 

Note that for a current input, this adjustmerit is not 
necessary since the offset voltage of Ai does not 
cause any error for current-source inputs. 

2 ) Set l|N = I REF = 1 mA. Adjust R 5 such that the output 
of A 2 (pin 10 ) is zero. 

3) Set l||\| = 1 jLiA, lREF= 1 mA. Adjust R 2 for VouT“3 
volts (for a 1 volt/decade scale factor) or 6 volts (for 
a 2 volt/decade scale factor). 

Step #3 determines the scale factor. Setting l|N= 1 /jtA 
optimizes the scale factor adjustment over a fairly wide dy¬ 
namic range, from 1 mA to 1 nA. Clearly, If the 8048 is to be 
used for inputs which only span the range lOOjuA to 1mA, it 
would be better to set l|N=100juiA in Step #3. Similarly, 
adjustment for other scale factors would require different I in 
and Vqut values. 

*See A053 for an automatic offset nulling circuit. 
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ICL8049 DETAILED DESCRIPTION 


The ICL8049 relies on the same logarithmic properties of 
the transistor as the ICL8048. The input voltage forces a 
specific AVbe between Qi and Q2 (Figure 4). This Vbe dif¬ 
ference is converted into a difference of collector currents 
by the transistor pair. The equation governing the behavior 
of the transistor pair is derived from (2) on the previous 
page and is as follows: 

Ica kT 

When numerical values for q/kT are put into this equa¬ 
tion, it is found that a AVbe of 59mV (at 25“C) is required to 
change the collector current ratio by a factor of ten. But for 
ease of application, it is desirable that a 1 volt change at the 
input generate a tenfold change at the output. The required 
input attenuation is achieved by the network comprising Ri 
and R2. In order that scale factors other than one decade 
per volt may be selected, R2 is external to the chip. It 
should have a value of 1k(l, adjustable ±20%, for one dec¬ 
ade per volt. Ri is a thin film resistor deposited on the 
monolithic chip; its temperature characteristics are chosen 
to compensate the temperature dependence of equation 5, 
as explained on the previous page. 

The overall transfer function is as follows: 


Iqut 

•ref 


= exp 


-^2 ..qViN 


(R1 + R2) kT 
Substituting VouT= IqutX •^OUT gives: 


Vout=Rout Iref exp 


-R2 ..qViN 


(R1 + R2) kT 


( 6 ) 

(7) 


For voltage references equation 7 becomes 


VouT =Vref X exp 

Rref 


~R2 qViN 
(R1 + R2) kT . 


( 8 ) 


ICL8049 OFFSET AND SCALE FACTOR 
ADJUSTMENT* 

As with the log amplifier, the antilog amplifier requires 
three adjustments. The first step is to null out the offset 
voltage of A2. This is accomplished by reverse biasing the 
base-emitter of Q2. A2 then operates as a unity gain buffer 
with a grounded input. The second step forces V|n = 0; the 
output is adjusted for VouT= fOV. This step essentially “an¬ 
chors” one point on the transfer function. The third step 
applies a specific input and adjusts the output to the correct 
voltage. This sets the scale factor. Referring to Figure 4, the 
exact procedure for 1 decade/volt is as follows: 

1) Connect the input (pin #16) to +15V. This reverse 
biases the base-emitter of Qa- Adjust R7 for 
VouT=0V. Disconnect the input from + 15V. 

2) Connect the input to Ground. Adjust R4 for 
VouT=“IOV. Disconnect the input from Ground. 

3) Connect the input to a precise 2V supply and adjust 
R2 for Vqut “ "• 88rnV. 

The procedure outlined above optimizes the performance 
over a 3 decade range at the output (i.e., Vqut ^rom lOmV 
to 10V). For a more limited range of output voltages, for 
example IV to 10V, it would be better to use a precise 1 volt 
supply and adjust for Vqut^'IV. For other scale factors 
and/or starting points, different values for R2 and Rref will 
be needed, but the same basic procedure applies. 

*See A053 for an automatic offset nulling circuit. 
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APPLICATIONS INFORMATION 
ICL8048 Scale Factor Adjustment 

The scale factor adjustment procedures outlined previ¬ 
ously for the ICL8048 and ICL8049, are primarily directed 
towards setting up 1 volt (AVout) P^r decade (AI|n or AV|n) 
for the log amp, or one decade (AVqut) P®'' volt (AV|n) for 
the antilog amp. 

This corresponds to K = 1 in the respective transfer func¬ 
tions: 

[JiN 


Log Amp: VouT= ~K log io 


LIrefJ 


Antilog Amp: Vout“Rout I REF 


-V|N 

K 


(9) 

( 10 ) 


By adjusting Ra (Figure 3 and Figure 4) the scale factor 
“K” in equation 9 and 10 can be varied. The effect of 
changing K is shown graphically in Figure 5 for the log amp, 
and Figure 6 for the antilog amp. The nominal value of R 2 
required to give a specific value of K can be determined 
from equation 11. It should be remembered that Ri has a 
± 20 % tolerance in absolute value, so that allowance shall 
be made for adjusting the nominal value of R 2 by ± 20 %. 


Frequency Compensation 

Although the op-amps In both the ICL8048 and the 
ICL8049 are compensated for unity gain, some additional 
frequency compensation is required. This is because the log 
transistors In the feedback loop add to the loop gain. In the 
8048, 150pF should be connected between Pins 2 and 7 
(Figure 3). In the 8049, 200pF between Pins 3 and 7 is 
recommended (Figure 4). 

EFFECT OF VARYING “K” ON THE ANTILOG AMPLIFIER 
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EFFECT OF VARYING “K” ON THE LOG AMPLIFIER 



Performing a meaningful error analysis of a circuit con¬ 
taining log and antilog amplifiers is more complex than deal¬ 
ing with a similar circuit involving only op-amps. In this data 
sheet every effort has been made to simplify the analysis 
task, without in any way compromising the validity of the 
resultant numbers. 

The key difference in making error calculations in log/an- 
tilog amps, compared with op-amps, is that the gain of the 
former is a function of the input signal level. Thus, It is nec¬ 
essary, when referring errors from output to input, or vice 
versa, to check the Input voltage level, then determine the 
gain of the circuit by referring to the graphs given in the 
Typical Performance Characteristics section. 

The various error terms in the log amplifier, the ICL8048, 
are Referred To the Output (RTO) of the device. The error 
terms In the antilog amplifier, the ICL8049, are Referred To 
the Input (RTI) of the device. The errors are expressed in 
this way because in the majority of systems a number of log 
amps Interface with an antilog amp, as shown in Figure 7. 



It is very straightforward to estimate the system error at 
node (A) by taking the square root of the sum-of-the 
squares of the errors of each contributing block. 

Total Error = Vx2+y2+z2 at (A) 

If required, this error can be referred to the system output 
through the voltage gain of the antilog circuit, using the volt¬ 
age gain versus input voltage plot. 


The numerical values of x, y, and z in the above equation 
are obtained from the maximum error voltage plots. For ex¬ 
ample, with the ICL8048BC, the maximum error at the out¬ 
put is 30mV at 25°C. This means that the measured output 
will be within 30mV of the theoretical transfer function, pro¬ 
vided the unit has been adjusted per the procedures de¬ 
scribed previously. Figure 8 illustrates this point. 

To determine the maximum error over the operating tem¬ 
perature range, the 0 to 70**C absolute error values given in 
the table of electrical characteristics should be used. For 
intermediate temperatures, assume a linear increase in the 
error between the 25°C value and the 70**C value. 

For the antilog amplifier, the only difference is that the 
error refers to the input, i.e., the horizontal axis. It will be 
noticed that the maximum error voltage of the ICL8049, 
over the temperature range, is strongly dependent on the 
input voltage. This is because the output amplifier, A 2 , has 
an offset voltage drift which is directly transmitted to the 
output. When this error is referred to the input, it must be 
divided by the voltage gain, which is input voltage depen¬ 
dent. At V||si = 3V, for example, errors at the output are mul¬ 
tiplied by 1/.023 (=43.5) when referred to the input. 



it is important to note that both the iCL8048 and the 
iCL8049 require positive values of Iref^ &rid the input 
(ICL8048) or output (ICL8049) currents (or voltages) re¬ 
spectively must also be positive. Application of negative Iin 
to the ICL8048 or negative I ref ^ either circuit will cause 
malfunction, and if maintained for long periods, would lead 
to device degradation. Some protection can be provided by 
placing a diode between pin 7 and ground. 

SETTING UP THE REFERENCE 
CURRENT 

In both the ICL8048 and the ICL8049 the input current 
reference pin (Iref) 's not a true virtual ground. For the 
ICL8048, a fraction of the output voltage is seen on Pin 16 
'(Figure 3). This does not constitute an appreciable error 
provided Vref is much greater than this voltage. A 10V or 
15V reference satisfies this condition. For the ICL8049, a 
fraction of the Input voltage appears on Pin 3 (Figure 4), 
placing a similar restraint on the value of Vref- 

Alternatively, I ref can be provided from a true current 
source. One method of implementing such a current source 
is shown in Figure 9. 
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LOG OF RATIO CIRCUIT, DIVISION 

The 8048 may be used to generate the log of a ratio by 
modulating the Iref input. The transfer function remains the 
same, as defined by equation 9: 

VoUT = - Klogi 0 [ ] (9) 

Clearly it is possible to perform division using just one 
ICL8048, followed by an ICL8049. For multiplication, it is 
generally necessary to use two log amps, summing their 
outputs into an antilog amp. 

To avoid the problems caused by the Iref input not being 
a true virtual ground (discussed in the previous section), the 
circuit of Figure 9 is again recommended if the Iref input is 
to be modulated. 


♦ tSV ♦15 V 



0313-21 

Figure 9 


DEFINITION OF TERMS 

In the definitions which follow, it will be noted that the 
various error terms are referred to the output of the log 
amp, and to the input of the antilog amp. The reason for this 
is explained on the previous page. 

DYNAMIC RANGE The dynamic range of the ICL8048 
refers to the range of input voltages or currents over which 
the device is guaranteed to operate. For the ICL8049 the 
dynamic range refers to the range of output voltage over 
which the device is guaranteed to operate. 


ERROR, ABSOLUTE VALUE The absolute error Is a 
measure of the deviation from the theoretical transfer func¬ 
tion, after performing the offset and scale factor adjust¬ 
ments as outlined, (ICL8048) or (ICL8049). It is expressed in 
mV and referred to the linear axis of the transfer function 
plot. Thus, in the case of the ICL8048, it is a measure of the 
deviation from the theoretical output voltage for a given in¬ 
put current or voltage. For the ICL8049 It is a measure of 
the deviation from the theoretical input voltage required to 
generate a specific output voltage. 

The absolute error specification is guaranteed over the 
dynamic range. 

ERROR, % OF FULL SCALE The error as a percentage 
of full scale can be obtained from the following relationship: 


Error, % of Full Scale= 


100 X Error, absolute value 
Full Scale Output Voltage 


TEMPERATURE COEFFICIENT OF VouT OR l///vForthe 
ICL8048 the temperature coefficient refers to the drift with 
temperature of Vqut for a constant input current. 

For the ICL8049 it is the temperature drift of the input 
voltage required to hold a constant value of Vqut- 

POWER SUPPLY REJECTION RATIO The ratio of the 
voltage change in the linear axis of the transfer function 
(Vqut for the ICL8048, V|n for the ICL8049) to the change 
in the supply voltage, assuming that the log axis is held 
constant. 

WIDEBAND NOISE For the ICL8048, this is the noise oc¬ 
curring at the output under the specified conditions. In the 
case of the ICL8049, the noise Is referred to the input. 

SCALE FACTOR For the log amp, the scale factor (K) is 
the voltage change at the output for a decade (i. e. 10:1) 
change at the input. For the antilog amp, the scale factor is 
the voltage change required at the input to cause a one 
decade change at the output. See equations 9 and 10. 

APPLICATION NOTES 

For further applications assistance, see 
A007 “The ICL8048/8049 Monolithic Log-Antilog Amplifi¬ 
ers” 
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ICL8069 

Low Voltage Reference 

GENERAL DESCRIPTION 

The ICL8069 is a 1.2V temperature compensated voltage 
reference. It uses the band-gap principle to achieve excel¬ 
lent stability and low noise at reverse currents down to 
SOjliA. Applications include analog-to-digital converters, dig- 
ital-to-analog converters, threshold detectors, and voltage 
regulators. Its low power consumption makes it especially 
suitable for battery operated equipment. 

ORDERING INFORMATION 



FEATURES 

• Low Bias Current — SOjaA Min 

• Low Dynamic Impedance 

• Low Reverse Voltage 

• Low Cost 


Order P/N TO-92 | Order P/N TO-52 | Temperature Range | Max. Temp. Coeff. of Vref 



ICL8069CCZR _ ICL8069CCSQ 

— _ ICL8069CMSQ 

iCL8089DCZR _ ICL8069DCSQ 

— ICL8069DMSQ 


O’^CXo +70^C 
-55"CtO +125**C 
O^Cto +70"C 
-55*^0 to +125*C 


0.005%/'*C 
0.005%/°C 
0.01%/*>C 
0.01 %/“C 



**Parameter Min/Max Limits guaranteed at 25°C only for DICE orders. 
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ABSOLUTE MAXIMUM RATINGS 


Reverse Voltage.See Note 2 

Forward Current.10mA 

Reverse Current..10mA 

Power Dissipation .Limited by max 

forward/reverse current 


Storage Temperature .-OS^Cto H-ISO^C 

Operating Temperature 

ICL8069C .O’Cto+yO^C 

ICL8069M .-55°Cto+125“C 

Lead Temperature (Soldering, lOsec) .SOO^'C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta= 25‘*C unless otherwise noted) 


Characteristics 

Test Conditions 

Min 

Typ 

Max 

Units 

Reverse breakdown Voltage 

Ir = SOOjuiA 

1.20 

1.23 

1.25 

V 

Reverse breakdown 

Voltage change 

50]uiA^lR^5mA 


15 

20 

mV 

Reverse dynamic impedance 

lp = 50ju,A 

Ir = 500jllA 


1 

1 

2 

2 

a 

Forward Voltage Drop 

If^SOOjulA 


0.7 

1 

V 

RMS Noise Voltage 

lOHz^f^lOkHz 

Ir = 500jllA 


5 


,xV 

Long Term Stability 

Ir = 4.75mA 

Ta=25*^0 


1 


ppm/kHR 

Breakdown voltage 

Temperature coefficient 

ICL8069C 

ICL8069D 


' lR = 500iULA 

Ta = operating 
Temperature range 
. (Note 3) 



.005 

.01 

%rQ 

Reverse Current Range 


0.050 


5 

mA 


TYPICAL PERFORMANCE CHARACTERISTICS 

VOLTAGE CHANGE AS A REVERSE VOLTAGE AS A 


FUNCTION OF REVERSE CURRENT 


FUNCTION OF CURRENT 



100>uA 1mA 

REVERSE CURRENT 



REVERSE VOLTAGE AS A 
FUNCTION OF TEMPERATURE 



25 0 +25 +50 +75 

TEMPERATURE ('C) 


0327-6 0327-7 0327-8 

Notes: 1) If circuit strays in excess of 200pF are anticipated, a 4.7/uiF shunt capacitor will ensure stability under all operating conditions. 

2) In normal use, the reverse voltage cannot exceed the reference voltage. However when plugging units into a powered-up test fixture, an instantaneous 
voltage equal to the compliance of the test circuit will be seen. This should not exceed 20V. 

3) For the military part, measurements are made at 25®C, -55®C, and + 125‘’C. The unit is then classified as a function of the worst case T.C. from 25®C to 
-55»C, or 25°Cto +125*C. 
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Section 7 — Operational Amplifiers 


ICH8500/A.7-1 

ICL7600.7-7 

ICL7601 .7-7 

1CL7605.7-19 

ICL7606.7-19 

ICL76XX.7-31 

1CL7650.7-46 

1CL7650S.7-54 

1CL7652.7-64 

ICL7652S.7-72 

ICL8007.7-82 

ICL8021 .7-86 

ICL8023.7-86 

ICL8043.7-91 

ICL8063.7-99 
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ICH8500/A 

Ultra Low Input-Bias 
Operational Amplifier 

GENERAL DESCRIPTION 

The ICH8500 and ICH8500A are hybrid circuits designed 
for ultra low input bias current operational amplifier applica¬ 
tions. They are ideally suited for analog and electrometer 
applications where high input resistance and low input cur¬ 
rent are of prime importance. 

Functionally, they are pin for pin identical to the popular 
741 monolithic amplifier. These amplifiers are uncondition¬ 
ally stable and the input offset voltage can be adjusted to 
zero with an external 20kn potentiometer. The input bias 
current for the inverting and noninverting inputs is 0.1 pA 
maximum for the ICH8500, and 0.01 pA maximum for the 
ICH8500A. 

Pin 8 is connected to the case. This permits the designer 
to operate the case at any desired potential. This is the key 
to achieving the ultra low input currents associated with 
these two amplifiers. Forcing the case to the same potential 
as the inputs eliminates current flow between the case and 
the input pins, and leakage currents that may have other¬ 
wise existed between any of the other pins and the inputs 
are intercepted by the case. 




FEATURES 

• Input Diode Protection 

• Input Bias Current Less Than 0.0 IpA (8500A) 

• No Frequency Compensation Required 

• Offset Voitage Nuii Capabiiity 

• Short Circuit Protection 

• Low Power Consumption 

APPLICATIONS 

• Femto Ammeter 

• Eiectrometers 

• Long Time integrators 

• Fiame Detectors 

• pH Meters 

• Proximity Detector 

• Sampie and Hoid Circuits 

ORDERING INFORMATION 

iCH 8500A TV 


PACKAGE 

TV=TO-99 Metal Can 


DEVICE TYPE 


INTERSIL HYBRID 
CIRCUIT 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.±18V 

Internal Power Dissipation (1). 500mW 

Differential Voltage.±0.5V 

Storage Temperature .-SS^Cto+150"C 

Operating Temperature .-25"Cto-f 85“C 

Lead Temperature (Soldering, 10sec) . 300*C 

Output Short Circuit Duration .Indefinite 

Note: 1. Rating applies for ambient temperature to +70'’C 


ELECTRICAL CHARACTERISTICS (Ta= 25‘*C unless otherwise specified, Vsupply= ± 15V) 


Symboi 

Characteristics 

Test 

Conditions 

iCH8500 

ICH8500A 

Units 







■bias 

Input Bias Current 
(Inverting and Non-Inverting) 

Case at same 
potential as inputs 







pA 

Vos 

Input Offset Voltage 




±75 




mV 


Offset Voltage Adjustment Range 

20kft Potentiometer 


±50 





mV 

AVqs/AT 

Change in input Offset 

Voltage Over Temperature 

+ 25 to +85*C 
-25 to +25"C 

■ 





■ 

mV 

AVos/At 

Long Term Input Offset 

Voltage Stability 

At25“C 

■ 

±3.0 



±3.0 


mV 

CMRR 

Common Mode Rejection Ratio 

±5 volts common 
mode voltage 






■ 

dB 

AVo 

Output Voltage Swing 

RL^IOka 

±11 






D 

CMVR 

Common Mode Voltage Range 


±10 



±10 




Avol 

Large Signal Voltage Gain 


20,000 

105 



1^8 



Cfb 

Feedback Capacitance 

Case guarded 


0.1 



mm 


pF 

SR 

Slew Rate 

RL^2kn 


0.5 



0.5 


V/jas 

mm 

Input Capacitance 

Case guarded 





0.7 


pF 

BH 

Input Capacitance 

Case grounded 


1.5 





pF 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


VOLTAGE OFFSET NULL CIRCUIT VOLTAGE FOLLOWER 




0303-3 

NOTE: Adjust input offset voltage to OV ± 10jnV before measuring leakage. 

Figure 3: Circuit Notes 


LOW LEVEL CURRENT 
MEASURING CIRCUIT 



OUTPUT 
Vo * 1 VOLT/pA 
- 10«, l|N 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN LOOP VOLTAGE GAIN vs. 
FREQUENCY 


INPUT VOLTAGE RANGE vs. SUPPLY 
VOLTAGE 



1 10 100 Ik 10k 100k 1M 


f=REQUENCY(H2) 



SUPPLY VOLTAGE (*V) 
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INPUT OFFSET VOLTAGE vs. SUPPLY 
VOLTAGE 


± POWER SUPPLY REJECTION RATIO 
vs. SUPPLY VOLTAGE 



AS 

— 

Vsu 

rn 

»PLY 

— 

= +5 

— 

)/ 















n 

_ 

.*86* 

C — 





555 






















8 9 10 11 12 13 14 15 16 


SUPPLY VOLTAGE UV) 


SUPPLY VOLTAGE {±V) 
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0303-10 


± QUIESCENT SUPPLY CURRENT vs. 



INPUT REFERRED 
NOISE VOLTAGE 



o 

> 

(A 

5 



10 100 Ik 10k 100k 


SUPPLY VOLTAGE (iV) 


FREOUENCY (Hz) 
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COMMON MODE REJECTION RATIO 
vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE ( V) 


0303-8 

OUTPUT VOLTAGE SWING vs. 
SUPPLY VOLTAGE 



0303-11 

POWER CONSUMPTION vs. SUPPLY 
VOLTAGE 



SUPPLY VOLTAGE (±V) 


0303-14 
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APPLICATIONS 
The Pico Ammeter 

A very sensitive pico ammeter can be constructed with 
the ICH8500. The basic circuit (illustrated in Figure 4) em¬ 
ploys the amplifier in the inverting or current summing 
mode. 

Care must be taken to eliminate any stray currents from 
flowing into the current summing node. This can be accom¬ 
plished by forcing all points surrounding the input to the 
same potential as the input. In this case the potential of the 
input is at virtual ground, or OV. Therefore, the case of the 
device is grounded to intercept any stray leakage currents 


that may otherwise exist between the ± 15V input terminals 
and the inverting input summing junctions. Feedback capac¬ 
itance* should be kept to a minimum In order to maximize 
the response time of the circuit to step function input cur¬ 
rents. The time constant of the circuit Is approximately the 
product of the feedback capacitance Cfb times the feed¬ 
back resistor Rfb. For instance, the time constant of the 
circuit in Figure 4 is 1 sec if Cfb= 1 pF. Thus, It takes approx¬ 
imately 5 sec (5 time constants) for the circuit to stabilize to 
within 1 % of its final output voltage after a step function of 
input current has been applied. Cfb of less than 0.2 to O.SpF 
can be achieved with proper circuit layout. A practical pico 
ammeter circuit Is illustrated in Figure 5. 
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The internal diodes CR1 and CR2 together with external 
resistor R1 protect the input stage of the amplifier from volt¬ 
age transients. The two diodes contribute no error currents, 
since under normal operating conditions there is no voltage 
across them. 

* Feedback capacitance is the capacitance between the output and the in¬ 
verting input terminal of the amplifier. 

Sample and Hold Circuit 

The basic principle of this circuit (Figure 6) is to rapidly 
charge a capacitor Csto fo a voltage equal to an input sig¬ 
nal. The input signal is then electrically disconnected from 
the capacitor with the charge still remaining on Csto- Since 
Csto's in the negative feedback loop of the operational 
amplifier, the output voltage of the amplifier is equal to the 
voltage across the capacitor. Ideally, the voltage across 
Csto should remain constant, causing the output of the am¬ 
plifier to remain constant as well. However, the voltage 
across Csto will decay at a rate proportional to the current 
being injected or taken out of the current summing node of 
the amplifier. This current can come from four sources: 
leakage resistance of Csto. leakage current due to the sol¬ 
id state switch SW2, currents due to high resistance paths 
on the circuit fixture, and most important, bias current of the 
operational amplifier. If the ICH8500A operational amplifier 
is employed, this bias current is almost non-existant 
(<0.01 pA). Note that the voltages on the source, drain and 


gate of switch SW2 are zero or near zero when the circuit is 
in the hold mode. Careful construction will eliminate stray 
resistance paths and capacitor resistance can be eliminated 
if a quality capacitor is selected. The net result is a low drift 
sample and hold circuit. 

As an example, suppose the leakage current due to all 
sources flowing into the current summing node of the sam¬ 
ple and hold circuit is lOOpA. The rate of change of the 
voltage across the 0.01 juF storage capacitor is then lOmV/ 
sec. In contrast, if an operational amplifier which exhibited 
an Input bias current of InA were employed, the rate of 
change of the voltage across Csto would be O.IV/sec. An 
error build up such as this could not be tolerated in most 
applications. 

Waveforms illustrating the operation of the sample and 
hold circuit are shown in Figure 7. 

The Gated Integrator 

The circuit in Figure 6 can double as an integrator. In this 
application the input voltage is applied to the integrator in¬ 
put terminal. The time constant of the circuit is the product 
of R1 and Csto- Because of the low leakage current asso¬ 
ciated with the ICH8500 and ICH8500A, very large values of 
R1 (Up to 1012 ohms) can be employed. This permits the 
use of small values of integrating capacitor (Csto) appli¬ 
cations that require long time delays. Waveforms for the 
Integrator circuit are illustrated in Figure 8. 
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ICL7600/ICL7601 

Commutating Auto-Zero (CAZ) 
Operational Amplifier 



GENERAL DESCRIPTION 

The ICL7600/ICL7601 commutating auto-zero (CAZ) op¬ 
erational amplifiers are designed to replace almost any of 
today’s hybrid or monolithic ultra-low offset op amps, and 
will provide almost three orders of magnitude reduction in 
input offset voltage compared with conventional device de¬ 
signs. This is achieved through Intersil’s CAZ amp principle, 
an entirely new approach to low-frequency operational am¬ 
plifier design. 

The key feature of the CAZ principle is automatic com¬ 
pensation for long-term drift phenomena and temperature 
effects. Two internal op amps are connected so that when 
one amplifier is processing an input signal the other is main¬ 
tained in an “auto-zero” mode. The ICL7600/ICL7601 con¬ 
tains all of the circuitry required for system operation, in¬ 
cluding an oscillator, a counter, level translators, analog 
switches and operational amplifiers. Only two auto-zero ca¬ 
pacitors are needed for complete operational amplifier func¬ 
tion. Control of the oscillator and counter section is provid¬ 
ed through the OSC and DR (division ratio) terminals. Inter¬ 
nal biasing of the two on-chip op amps is programmable 
through a three-voltage-level terminal designated BIAS. 

The ICL7600 Is internally-compensated and is intended 
for applications which require voltage gains from unity 
through 20. The uncompensated ICL7601 is intended for 
those situations which require voltage gains of greater than 
20. Major advantage of the ICL7601 over the ICL7600 at 
high gain settings is the reduction in commutation noise and 
subsequent greater accuracy. 

Minimum periodic adjustments and extremely low offset 
voltage and temperature coefficients make the CAZ opera¬ 
tional amplifiers very desirable for operation in adverse en¬ 
vironments (temperature, humidity, toxic or radioactive) 
where equipment service is difficult. Since the device will 
auto-zero its internal offset errors, no adjustment is required 
other than that of gain, which is established by the external 
resistors. 


C,C 

• 1 

14 

□ DB 

C,C 

2 

13 

□ N/C 

+INPUTC 

3 

12 

□ OSC 

AZC 

4 

11 

□v+ 

-INPUT C 

5 

10 

□ OUTPUT 

C 2 II 

6 

9 

□ BIAS 

C 2 C 

7 

8 

□ V 

0105-1 

(outline dwg JD, PD) 

Figure 1: Pin Configuration 


FEATURES 

• Exceptionally low Input offset voltage~-5 jmV 

• Low long-term Input offset voltage drift— 

0.2 jmV/year 

• Low Input offset voltage temperature drift—0.005 

jitVrc 

• Low DC Input bias current—300 pA 

• Low DC Input offset bias current—150 pA 

• Wide common mode and differential Input voltage 
ranges 

• Excellent low supply voltage operation—Down to 
±2V 

• Static-protected Inputs—no special handling 
required 

• Fabricated using proprietary MAXCMOS^m 
technology 

• Compensated (ICL7600) or uncompensated 
(ICL7601) versions 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICL7600IJD 

ICL7600MJD 

ICL7601IJD 

ICL7601MJD 

-25'’Cto +85‘’C 
-55“Cto +125'’C 
-25"Cto +85‘’C 
-SS'Cto +125"C 

14LeadCERDIP 
14 Lead CERDIP 
14 Lead CERDIP 
14 Lead CERDIP 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (sum of both positive and 

negative supply voltages, V + and V“).18 Volts 

DR Input Voltage.(V + + 0.3) to (V + - 8) Volts 

Input Voltage (Ci C 2 + INPUT,-INPUT. BIAS, 

OSC (Note 1). ’...(V+ +0.3) to (V- -0.3) Volts 

Differential Input Voltage (Note 1) ±(V+ +0.3) to (V“ -0.3) 


Duration of Output Short Circuit (Note 2).Unlimited 

Continuous Total Power Dissipation at or below +25"C 
free air temperature (Note 3) 

CERDIP Package.500 mW 


Operating Temperature Range 

ICL760XI.-25”Cto +85"C 

ICL760XM. -55^C to + 125‘’C 

Storage Temperature Range.-55 to + 150®C 

Lead Temperature (soldering, 60 seconds) .+ 300®C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


NOTE 1: An SCR structure is inherent in the CMOS process used in the fabrication of these devices. If voltages in excess of (V+ +0.3) to (V~ -0.3) volts are 
connected to either inputs or outputs, destructive latchup can occur. For this reason it is recommended that no inputs from sources not on the same 
power supply or supplies be applied before the ICL7600/ICL7601 supplies are established, and that if multiple supplies are used the ICL7600/ICL7601 
supplies be activated first. No restrictions are placed on the differential Input voltages on either the inverting or non-inverting inputs, so long as these 
voltages do not exceed the power supply voltages by more than 0.3V. 

2: Outputs may be shorted to ground (GND) or to either supply (V+, V~). Temperature and/or supply voltages must be limited to insure that the dissipation 
rating is not exceeded. 


3: For operation above 25°C free-air temperature, derate 4mW/“C from 500mW for CERDIP and 3mW/'’C from 375mW for plastic. 


AZ 

INPUT 

C2 


(OSCILLA-ro^) 



Figure 2: Functional Diagram 
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ELECTRICAL CHARACTERISTICS 

Test Conditions: V+ = +5 volts, V = -5 volts, Ta = +25*0, DR pin connected to V+ (fcoM -160Hz), Ci = C 2 = IjnF, 
Test Circuit 1, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

Rs ^ Ikn Low Bias Setting 

■■■ 

B 





Ci = C 2 = 1 /xF Med Bias Setting 


B 





High Bias Setting 


B 





MIL version over temp. Med Bias Setting 


B 




Long Term Input Offset 



B 



Vos Time 

Voltage Stability 

Low or Med Bias Settings 




juV/year 

TCVos 

Average Input Offset 

Low or Med Bias Settings -SS^C > Ta > + 25“C 


0.005 

0.2 

juiV/“C 


Voltage Temperature 

+ 25“C > Ta > +85*C 


0.01 

0.2 

fxV/“C 


Coefficient (Note 4) 

+ 25®C>Ta> +125‘’C 


0.05 

0.2 

iiwrc 



Band Width Low Bias 





©n 

Noise Voltage (RMS) 

0.1to10Hz Med Bias 







Rs ^ 1 kn High Bias 





■■ 

Equivalent Input 

Band Width Low Bias 


HRI 




Noise Voltage 

0.1to10Hz Med Bias 


B 



iljl 

Peak-to-peak 

Rs ^ 1 kn High Bias 






Spot equivalent 

Noise voltage 

f = 10Hz Band Width 1 Hz 



700 

nV/VHz 

•mo 

Spot equivalent 

Noise Current 

f = 10Hz Band Width 1 Hz 




pA/v/Hz 


Differential Input 

Voltage Range 







Common Mode 

Low Bias 

-4.2 


+ 4.2 

V 

CMVR 

Input Range 

Med Bias 

-4.0 


+ 4.0 

V 



High Bias 

-3.5 


+ 3.5 

V 

CMRR 

Common Mode 

Rejection Ratio 

Any Bias Setting 


88 


dB 

PSRR 

Power Supply 

Rejection Ratio 

Any Bias Setting 


110 


H 

■nib 

Non Inverting Input 

Any Bias Setting, 


0.300 




Bias Current 

(includes charge injection currents) 





■iB 

Inverting Input Bias 

Any Bias Setting, 



1.5 

nA 


Current 

(Includes charge injection currents) 





Av 

Voltage Gain 

Rl = 100kn Low Bias 




dB 



Med Bias 




dB 



High Bias 


100 


dB 

VOUT 

Maximum Output Voltage 

Rl = 1 Mn 

nn 



V 


Swing 





V 



Rl = iookn 

H 



H 



Rl = 10kn Positive Swing 




H 



Negative Swing 



B9 

■■ 
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ELECTRICAL CHARACTERISTICS (Continued) 

Test Conditions: V+ = +6 volts, V“ = -Svolts, Ta = +25®C, DR pin connected to V+ (fcoM — 160Hz), Ci = C 2 = 1ju<F, 
Test Circuit 1, unless otherwise specified._ 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

SR 

Large Signal Slew Rate 

Unity High Bias Setting 


la 





Gain Med Bias Setting 







iCL7600 Low Bias Setting 


0.2 


row 

GBW 

Unity Gain Band Width 

High Bias Setting 


m 





iCL7600 Med Bias Setting 


KiIcM 





Test Circuit 2 Low Bias Setting 




MHz 1 

GBW 

Extrapolated Unity 

High Bias Setting 


1.8 


Biro 


Gain Band Width 

ICL7601 Med Bias Setting 


0.4 


Biro 



Low Bias Setting 


0.2 



Ibias 

BIAS Terminal Input Current 

V- -0.3^ Vbias ^ V+ +0.3 volt 


±30 


pA 

VbH 

BIAS Voltage to Define 
Current Modes 

Low Bias Setting 

CO 

d 

1 

+ 

> 

V + 



VbM 


Med Bias Setting 

V- +1.4 

GND 



VbL 


High Bias Setting 

V- -0.3 

V- 



Idr 

DR (Division Ratio) 

Input Current 

V+ - 8 . 0 V :£ Vdr ^ v+ +0.3V 


+ 30 


pA 

VdRH 

DR Voltage to define 
oscillator division 

Internal oscillator division ratio 32 

00 

d 

1 

+ 

> 


V+ +0.3 

V 

Vdrl 

ratio 

internal oscillator division ratio 2 

V+ -8 


V+ -1.4 

V 

fcOM 

Nominal Commutation 

Cqsc = 0 pF DR Connected to V+ 


160 


11 


Frequency 

DR Connected to GND 


2560 


m 

Is 

Supply Current 

High Bias Setting 


7 

15 




Medium Bias Setting 


1.7 

5 




Low Bias Setting 


0.6 

1.5 


v+ -V- 

Operating Supply Voltage 

High Bias Setting 

5 


16 



Range 

Medium or Low Bias Setting 

4 


16 



NOTE 4: For design only, not tested. 
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DETAILED DESCRIPTION 

CAZ Operational Amplifier Operation 

The CAZ operational amplifier functions on principles 
which are very different from those encountered in conven¬ 
tional op amp types. An important advantage of the 
ICL7600/ICL7601 devices Is the ability to self-compensate 
for internal error voltages, whether they are steady-state, 
related to temperature or supply voltage, or variable in na¬ 
ture over a long term. 

Operation of the ICL7600/ICL7601 CAZ operational am¬ 
plifier is demonstrated in Figure 5. The basic amplifier con¬ 
figuration represented by the large triangles has one more 
input than does a regular op amp-the AZ, or auto-zero in¬ 
put. The voltage at the AZ input is that to which each of the 
internal op amps will be auto-zeroed. In Mode A, op amp 
#2 is connected into a unity gain mode through on-chip 
analog switches, and charges the external capacitor C 2 to a 


TOTAL EQUIVALENT INPUT OFFSET 
VOLTAGE AS A FUNCTION OF 
SOURCE IMPEDANCE-INPUT 



R 82 input series resistance - n 
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voltage equal to the DC offset voltage of that amplifier and 
the instantaneous low frequency noise voltage. A short time 
later, the analog switches reconnect the on-chip op amps in 
the configuration shown In Mode B. In this mode, op amp 
#2 has capacitor C 2 (which was charged to a voltage equal 
to its offset and noise voltage) connected in series to its 
non-inverting (+) input and nulls out the input offset and 
noise voltage of the amplifier. While one of the op amps is 
processing the input signal, the other is placed in the auto¬ 
zero mode and charges its capacitor to a voltage equal to 
its equivalent DC and low-frequency error voltage. The In¬ 
ternal op amps are reconnected at a rate designated as the 
commutation frequency, fcoM- 
The CAZ amp concept offers a number of other advan¬ 
tages to the designer, as compared to standard bipolar or 
FET-input op amps: 
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• Effective input offset voltages can be made between 
10OOx and 10,000x less without trimming. 

• Long-term drift phenomena are compensated for and dra¬ 
matically reduced. 

• Temperature effects are compensated for over a wide 
range. Reductions can be as high as 100 times or higher. 

• Supply voltage sensitivity is reduced. 


The on-chip op amps are connected internally to the ex¬ 
ternal input and output terminals via CMOS analog 
switches, a? shown in Figure 6. The analog switch structure 
shown in F^igure 6 is arranged so that at any time three 
switches are open and three switches are conducting. Each 
analog switch includes a P-channel transistor in parallel with 
an N-channel transistor. 



0105-22 

Figure 6: Schematic of Anaiog Switches Connecting Each internai 
OP AMP to the Externai Inputs and Output 
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APPLICATIONS 

The ICL7600/ICL7601 CAZ op amp is ideal for use as a 
front-end preamplifier for dual-slope A/D converters which 
require high sensitivity for single-ended input sources such 
as thermocouples. 

A typical high-sensitivity A/D converter system is shown 
in Figure 7. The system uses an Intersil ICL7109 12-bit 
monolithic A/D binary converter, and is intended for direct 
interface with microprocessors. Both the ICL7600/ICL7601 
and the ICL7109 use power supply voltages of ±5V, and 
the entire system consumes typically 2.5 mA of current. 

The input signal is applied through a low-pass filter (150 
Hz) to the CAZ op amp, which is connected in a non-invert¬ 
ing gain configuration of either 10 or 100. The internal oscil¬ 
lator of the CAZ amp is allowed to run free at about 5,200 
Hz, resulting in a commutation frequency of 160 Hz, with the 
DR terminal connected to V+. The error-storage capacitors 
Ci and C 2 are each 1 iiF value, and provide a good com¬ 
promise between the minimum equivalent input offset volt¬ 
age and the lowest value of low-frequency noise. 

The output signal is then passed through a low-pass filter 
(1 Mft and 0.1 /xF), with a bandwidth of 1.5 Hz. This results 
in an equivalent DC offset voltage of 1 juV to 2 fiV, and a 
peak-to-peak noise voltage of 1.7 /xV, referred to the input 
of the CAZ amp. The output from the low-pass filter feeds 
directly into the input of the ICL7109. 

In a system such as that shown in Figure 7 there is a 
degree of flexibility possible in assigning various gains to 
the ICL7600/ICL7601 pre-amplifier, and to various sensitivi¬ 
ties for the ICL7109. For optimum performance, the CAZ op 
amp must amplify the input signal so that the equivalent, 
15 jixV input noise voltage of the A/D converter is masked. 


This implies a gain of at least 10 for the CAZ op amp pream¬ 
plifier. 

On the other hand, if the gain of the CAZ op amp is In¬ 
creased too much, its output swing will be limited by the 
±5V supplies. This condition imposes a maximum gain of 
200 to produce an output of ±0.000005 times 4,096 times 
200, or ± 4,096V, for a 5 jaV per count sensitivity. Use of an 
ICL7600 is recommended for low gains (<20) and the 
ICL7601 for gains of more than 20. 

The values of the integrating resistor and the reference 
voltage must be chosen to suit the overall sensitivity of the 
system. For example, in a system requiring a sensitivity of 
5 jmV per count, use a CAZ amp in a gain configuration of 50 
(with ICL7601). Thus for a full scale count of 4096 (12 bits), 
the input voltage to the ICL7109 would be 5 /xV times 50 
times 4096 or 1.024 volts. Since the ratio of input to refer¬ 
ence is 2:1, the value of the reference voltage becomes 
0.512 and a 50 kfl integrating resistor is recommended. A 
system such as that shown in Figure 7 will allow a resolution 
of I^C for low sensitivity platinum/rhodium junctions. For 
0.1 ®C resolution, use high sensitivity thermocouples having 
copper/constantan junctions. 

The low-pass filter between the output of the CAZ op 
amp and the input of the ICL7109 A/D converter can be 
used to improve the signal-to-noise ratio of the system by 
reducing bandwidth. A 10 Hz filter will result in an equivalent 
peak-to-peak noise voltage figure of 4 /xV. If the bandwidth 
is reduced to 1.5 Hz, the peak-to-peak noise voltage will be 
reduced to about 1.7 fxV, a reduction by a factor of three. 
The penalty for this reduction will be a longer system re¬ 
sponse time; however in most cases this will not be a major 
consideration, because of the large thermal inertia of many 
thermocouple probes. 
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SOME HELPFUL HINTS 
Testing the ICL7600/ICL7601 CAZ 
Operational Amplifier 

A simple and relatively accurate means of testing the 
CAZ op amp is to use a Tektronix Type 577 curve tracer, 
with the CAZ op amp inserted in a special 14-lead socket 
which plugs into a Tektronix 178, and which contains two 
soldered-in auto-zero capacitors of 1 ju,F each. This simple 
and convenient tester will provide most of the information 
needed for low-frequency parameters. The test setup will 
allow resolution of Input offset voltages to about 10 jaV. 

For greater accuracy, it is suggested that a breadboard 
be built which minimizes thermoelectric effects and which 
includes an output low-pass filter of the type shown in Test 
Circuit #4. The output from the CAZ amp can be connected 
to a dual-slope A/D converter as shown In Figure 7. The 
low-frequency noise can then be displayed on a storage 
scope or on a strip chart recorder. 

Bias Control 

The on-chip op amps consume over 90% of the power 
required for the ICL7600/ICL7601. Three external ^-pro¬ 
grammable bias levels are provided. These levels are set by 
connecting the BIAS terminal to V+, GND or V-, for LOW, 
MED of HIGH BIAS levels, respectively. The difference be¬ 
tween each bias setting is approximately a factor of three, 
which allows a 9:1 ratio between supply current and the bias 
setting. The reason for this current programmability is to 
provide the user with a choice of device power dissipation 
levels, slew rate values (the higher the slew rate the better 
the recovery from commutation spikes), and offset errors 
due to chip “voltage drop” and thermoelectric effects (the 
higher the power dissipation the higher the input offset er¬ 
ror). In most cases, the medium (MED BIAS) setting will be 
the best choice. 

Output Loading (Resistive) 

With a 10 kn load the output swing can cover nearly the 
entire supply voltage range, and the device can be used 
with loads as low as 2 kft. However, with loads of less than 
50 kft, the on-chip op amps become transconductance am¬ 
plifiers, since their output impedances are about 50 kft 
each. Thus the open-loop gain is 20 dB less with a 2 kft 
load than it would be with a 20 kft load. For high gain con¬ 
figurations requiring high accuracy, output loads of 100 kft 
or more are suggested. 

Another consideration which must not be overlooked is 
the additional power dissipation of the chip which results 
from a large output swing into a low value load. This added 
variable can affect the initial input offset voltages under cer¬ 
tain conditions. 

Output Loading (Capacitive) 

in many applications, it is desirable to include a low-pass 
filter at the output to reduce high-frequency noise outside 
the signal passband of interest. With conventional op amps, 
the obvious solution would be to place a capacitor across 
the external feedback resistor to provide the low pass filter. 

However, with the CAZ op amp, this is not feasible be¬ 
cause of the nature of commutation voltage spikes. The 
voltage spikes show a low impedance characteristic in the 
direction of the auto-zero voltage, and a high impedance on 
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the recovery edge, as shown in Figure 8. It can be seen that 
the effect of the large load capacitor is to produce an area 
error in the output waveform, and hence an effective gain 
error. The output low pass filter must be a high impedance 
type to avoid output voltage area errors. For example, a 
1.5 Hz filter should use a 100 kft resistor and a 1.0 juF 
capacitor, or a 1.0 Mft resistor and an 0.1 jitF capacitor. 
This effect also causes problems with integrator circuits. 

Oscillator and Digital Considerations 

The oscillator has been designed to run free at about 
5.2 kHz when the OSC terminal is open-circuited. If the full 
divider network is used, this will result in a commutation 
frequency of about 160 Hz nominal. The commutation fre¬ 
quency is the frequency at which the on-chip op amps are 
switched between the signal processing and the auto-zero 
modes. A 160 Hz commutation frequency represents ap¬ 
proximately the optimum frequency at which the input offset 
voltage is close to minimum, where the low-frequency noise 
is acceptable, and where errors derived from noise spikes 
will be low. Other commutation frequencies may provide op¬ 
timization of other parameters, but always to the detriment 
of major characteristics. 

The oscillator is of a high impedance type, so that a load 
of only a few picofarads on the OSC terminal will cause a 
significant shift in frequency. It is therefore recommended 
that if the desired frequency of the oscillation Is 5.2 kHz, the 
terminal should be left unattached and open. In other in¬ 
stances, it may be desirable to lock the oscillator to a clock 
or to run it at another frequency. The ICL7600/ICL7601 pro¬ 
vides two degrees of flexibility. First, the DR (division ratio) 
terminal permits the user to choose between dividing the 
oscillator by 32 (DR terminal to V+) or by 2 (DR terminal to 
GND), to obtain the commutation frequency. Second, the 
oscillator may have Its frequency lowered by the addition of 
an external capacitor connected between the OSC terminal 
and V+, or system ground terminals. For situations which 
require the commutation frequency to be locked onto a 
master clock, the OSC terminal can be driven from TTL log¬ 
ic (with resistive pull-up) or from CMOS logic, provided that 
the V + supply (with respect to ground) is + 5V (± 10%) and 
the logic driver also operates from a similar supply voltage. 
This Is because the logic section—including the oscillator— 
operates from an internal -5V supply referenced to V+ 
generated on-chip, and is not accessible externally. 

Thermoelectric Effects 

The ultimate limitations to ultra-high-precision DC amplifi¬ 
ers are thermoelectric, Peltier or thermocouple effects in 
junctions consisting of various metals, alloys, silicon, etc. 
Unless all junctions are at precisely the same temperature, 
small thermoelectric voltages will be produced, generally 
about 0.1 ju,V/“C. However, these voltages can be several 
tens of microvolts per “C for certain thermocouple materials. 

In order to realize the extremely low offset voltages which 
the CAZ op amp can provide, it is essential to take precau¬ 
tions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement across de¬ 
vice surfaces. In addition, the supply voltages and power 
dissipation should be kept to a minimum. Use the medium 
bias mode as well as a high impedance load, and keep well 
away from heat dissipated by surrounding equipment. 
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Component Selection 

The two required auto-zero capacitors, Ci and C2, should 
each be of 1.0 jaF value. These are large values for non- 
electrolytic capacitors, but since the voltages impressed on 
them do not change significantly, problems of dielectric ab¬ 
sorption and the like are not important. 

Excellent results have been obtained in operation at com¬ 
mercial temperature ranges using several of the smaller- 
size and more economical capacitors, since the absolute 
values of the capacitors is not critical. Even polarized elec¬ 
trolytic capacitors rated at 1.0 jutF/SOV, though not recom¬ 
mended, have been used with success. 

Commutating Voltage Transient Effects 

While in most respects the CAZ op amp behaves like a 
conventional op amp, its principal applications will be in very 
low level, low-frequency preamplifiers limited to DC through 
100 Hz. This is because of the finite switching transients 
which occur in the input and output terminals due to com¬ 
mutation effects. These transients have a frequency spec¬ 
trum beginning at the commutation frequency, and include 
all of the higher harmonics. If the commutation frequency is 
higher than the highest in-band frequency, these transients 
can be effectively blanked with a low-pass filter. 

The input commutation transients arise when each of the 
on-chip op amps experiences a shift in voltage equal to the 
input offset voltage(about 5-10 mV) which occurs during 
the transition to the signal processing mode from the auto¬ 


zero mode. Since the input capacitances of the on-chip op 
amps are typically in the 10 pF range, and since it is desir¬ 
able to reduce the effective input offset voltage about 
10,000 times, the offset voltage auto-zero capacitors Ci 
and C2 must be at least 10,000 x 10 pF, or 0.1 jaF each. 



The charge which is injected into the op amp when it is 
switched into the signal-processing mode produces a rapid¬ 
ly-decaying voltage spike at the input, in addition to an 
equivalent DC bias current averaged over a full cycle. This 
bias current is directly proportional to the commutation fre¬ 
quency, and in most Instances will greatly exceed the inher¬ 
ent leakage currents of the input analog switches, which are 
typically about 1.0 pA at ambient temperature of 25“C. 

The output waveform of Test Circuit #1 (with no input) is 
shown in Figure 9. Note that the equivalent noise voltage 
shown is amplified 1000 times, and that because of the fi¬ 
nite slew rate of the on-chip op amps the 7 mV input tran¬ 
sients are not amplified by 1000. 
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The output transient voltage effects (as distinct from the 
input effects which are propagated through the on-chip op 
amps) will occur if there is a difference in the output voltage 
of the internal op amps between the auto-zero modes and 
the signal-processing modes. The output stage of the on- 
chip op amp must slew from its auto-zero output voltage to 
the desired signal-processing output voltage. This is shown 
in Figure 10, where the system is auto-zeroed to ground. 

The duration of the output transients is greatly affected by 
the gain configuration and the bias setting, since these two 
parameters have an effect on system slew rate. At low 
gains and high bias settings, the output transient durations 
are very short. For this reason there are two versions of the 


CAZ op amp, the ICL7600 which is compensated for unity 
gain and which can be used for gain configurations up to 20, 
and the ICL7601, which is uncompensated and recom¬ 
mended for operation in gain configurations greater than 20. 
Thus, when a signal is being processed in a high gain con¬ 
figuration, the effective output signal error is greater for the 
ICL7600 than it is for the ICL7601. 

Non-Amplifier Applications 

In principle, this is one of the few “chopper-stabilized” 
type amplifiers that could be used as a comparator; the 
transient effects on the output will normally require careful 
synchronism of output strobes with oscillator drive. 
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Commutating Auto-Zero (CAZ) 
Instrumentation Amplifier 



GENERAL DESCRIPTION 


FEATURES 


The ICL7605/ICL7606 CMOS commutating auto-zero 
(CAZ) instrumentation amplifiers are designed to replace 
most of today’s hybrid or monolithic instrumentation amplifi¬ 
ers, for low frequency applications from DC to 10Hz. This Is 
made possible by the unique construction of this Intersil de¬ 
vice, which takes an entirely new design approach to low 
frequency amplifiers. 

Unlike conventional amplifier designs, which employ 
three op-amps and require ultra-high accuracy in resistor 
tracking and matching, the CAZ instrumentation amplifier 
requires no trimming except for gain. The key features of 
the CAZ principle involve automatic compensation for long¬ 
term drift phenomena and temperature effects, and a flying 
capacitor input. 

The ICL7605/ICL7606 consist of two analog sections — 
a unity gain differential to single-ended voltage converter 
and a CAZ op amp. The first section senses the differential 
Input and applies It to the CAZ amp section. This section 
consists of an operational amplifier circuit which continu¬ 
ously corrects itself for input voltage errors, such as input 
offset voltage, temperature effects, and long term drift. 

The ICL7605/ICL7606 is intended for low-frequency op¬ 
eration in applications such as strain gauge amplifiers which 
require voltage gains from 1 to 1000 and bandwidths from 
DC to 10Hz. Since the CAZ amp automatically corrects it¬ 
self for internal errors, the only periodic adjustment required 
is that of gain, which is established by two external resis¬ 
tors. This, combined with extremely low offset and tempera¬ 
ture coefficient figures, makes the CAZ instrumentation am¬ 
plifier very desirable for operation in severe environments 
(temperature, humidity, toxicity, radiation, etc.) where equip¬ 
ment service is difficult. 


• Exceptionally Low Input Offset Voltage — 2 jliV 

• Low Long Term Input Offset Voltage Drift — 0.2 jliV/ 
Year 

• Low Input Offset Voltage Temperature Coefficient — 
O.OSjiiV/X 

• Wide Common Mode Input Voltage Range — 0.3V 
Above Supply Rail 

• High Common Mode Rejection Ration 100 dB 

• Operates at Supply Voltages As Low As ± 2V 

• Short Circuit Protection On Outputs for ± 5V 
Operation 

• Static-Protected Inputs — No Special Handling 
Required 

• Compensated (ICL7605) or Uncompensated 
(ICL7606) Versions 


AZC #1 
HNPUT C 2 
C4 E 3 

C4 C 4 

C2 E 5 

C2 C 6 
V- C 7 
BIAS C 8 
OUTPUT E 9 


18 2 -OIFF IN 

17 3+diff in 

18 ]C3 
15 ]C3 
14 5Ci 
13 ]Ci 
12 ]OR 
11 ] OSC 
10 5 V+ 


(outline dwg JN) 


Figure 1: Pin Configuration 
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ORDERING INFORMATION 

Order parts by the following part numbers: 


Part Number 

Compensation 

Temperature Range 

Package 

ICL7605CJN 

INTERNAL 

0°Cto +70"C 

18-PIN CERDIP 

ICL7605IJN 

INTERNAL 

-25“Cto +85"C 

18-PIN CERDIP 

ICL7605MJN 

INTERNAL 

-SS'Cto Tias^c 

18-PIN CERDIP 

ICL7606CJN 

EXTERNAL 

0*0 to +70'’C 

18-PIN CERDIP 

ICL7606IJN 

EXTERNAL 

-ZS^Cto +85‘’C 

18-PIN CERDIP 

ICL7606MJN 

EXTERNAL 

-55"Cto +125‘’C 

18-PIN CERDIP 
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Cl C3 v+ 



Figure 2: Symbol 




Figure 3: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

TotalSupply Voltage (V+to V-) .18V 

DR Input Voltage .(V+- 8 )to(V+ +0.3)V 

Input Voltage (Ci. C 2 , C 3 , C 4 +DIFF IN, -DIFF IN, 

-INPUT, BIAS, OSC), 

(Notel) .(V- -0.3)to(V+ +0.3)V 

Differential Input Voltage (+DIFF IN to -DIFF IN) 

(Note 2) .(V- -0.3)to(V+ +0.3)V 

Duration of Output Short Circuit (Note 3).Unlimited 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 1: Due to the SCR structure inherent in all CMOS devices, exceeding these limits may cause destructive latch up. For this reason, it is recommended that no 
inputs from sources operating on a separate power supply be applied to the 7605/6 before its own power supply is established, and that when using 
multiple supplies, the supply for the 7605/6 should be turned on first. 

Note 2: No restrictions are placed on the differential input voltages on either the + DIFF IN or - DIFF IN inputs so long as these voltages do not exceed the power 
supply voltages by more than 0.3V. 

Note 3: The outputs may be shorted to ground (GND) or to either supply (V+ or V“). Temperatures and/or supply voltages must be limited to insure that the 
dissipation ratings are not exceeded. 

Note 4: For operation above 25‘‘C ambient temperature, derate 4mW/°C from 500mW above 25°C. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: V+ = + 5 V,V- = -5V,Ta=+25°C. dr pin connected toV+ (fcOM “ 160Hz, fcoMI - 8 OH 2 ), 
Ci = C 2 =C 3 = C 4 = 1 julF, Test Circuit 1 unless otherwise specified. 



Parameter 

Test Conditions 

Vaiue 

Units 

Min 

Typ 

Max 

umi 




Vos 

Input Offset Voltage 

Rs ^ 1 ka Low Bias Setting 


±2 


pN 



Med Bias Setting 


±2 

+ 5 

mV 



High Bias Setting 


±7 


mV 



M1L version over temp. Med Bias Setting 



±30 

mV 

AVos/AT 

Average Input Offset 

Low or Med Bias Settings -55 *C>Ta> +25®C 


0.01 

0.2 

pNro 


Voltage Temperature 

+ 25"C>Ta>+85"C 


0.01 

0.2 

pNro 


Coefficient (Note 5) 

+ 25‘’C>Ta> + 125“C 


0.05 

0.2 

juvrc 

AVos/At 

Long Term Input 

Offset Voltage Stability 

Low or Med Bias Settings 


0.5 


/xV/Year 

CMVR 

Common Mode Input Range 


-5.3 


+ 5.3 

V 

CMRR 

Common Mode 

Cqsc == 0. •^R connected to V +, C 3 = C 4 = 1 jmF 


94 


dB 


Rejection Ratio 

Cosc= 1 connected to GND, 


100 


dB 



C3 = C4=1jaF 

Cosc= 1 connected to GND, 


104 


dB 



C3 = C4= IOjliF 





PSRR 

Power Supply Rejection Ratio 



110 


dB 

-•bias 

-INPUT Bias Current 

Any bias setting, fc= 160Hz 
(Includes charge injection currents) 


0.15 

1.5 

nA 


Equivalent Input Noise 

Low Bias Mode 


4.0 


pN 

in(P-P) 

Voltage peak-to-peak 

Band Width Med Bias Mode 


4.0 


pN 



0.1 to 10Hz High Bias Mode 


5.0 


pN 



Continuous Total Power Dissipation (Note 4) . 500mW 


Operating Temperature Range: 

ICL7605/ICL7606C .0to+70°C 

ICL7605/ICL7606I.-25“Cto +85“C 

ICL7605/ICL7606M .-55“C to + 125‘‘C 

Storage Temperature Range.— 65“Cto +150“C 

Lead Temperature (Soldering, lOsec) . 300“C 
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ELECTRICAL CHARACTERISTICS 

Test Conditions: V+ = +5V,V- = -5V,TA=+25*C,DRpinconnectedtoV+ (fcOM ® 160Hz, fcOMI ® 80Hz), 
Ci = C 2 = C 3 = C 4 = 1 jilF, Test Circuit 1 unless otherwise specified. (Continued) 


Symbol 

Parameter 

Test Conditions 

Value 

Units 

Min 

Typ 

Max 






Equivalent Input 

Band Width 




■I 


Noise voltage 

0.1 to 1 .OHz All Bias Modes 




■SB 

AvOL 

Open Loop Voltage Gain 

Rl= 10kn Low Bias Setting 

90 

■i 


■1 



Med Bias Setting 

90 

lea 


mm 



High Bias Setting 

80 

100 


■II 

±Vo 

Maximum Output 

RL= 1 Mft 


±4.9 




Voltage Swing 

RL=100ka 


±4.8 





Rl = 10kn Positive Swing 

+ 4.4 






Negative Swing 



-4.5 


GBW 

Bandwidth of Input 

Voltage Translator 

C 3 = C 4 = 1jLjiF All Bias Modes 


10 


Hz 

fcOM 

Nominal Commutation 

Cose=0 dr Connected to V+ 


160 


Hz 


Frequency 

DR Connected to GND 


2560 


Hz 

fC0M1 

Nominal Input Converter 

Cose = 0 DR Connected to V+ 


80 


Hz 


Commutation Frequency 

DR Connected to GND 


1280 


Hz 

Vbh 

Bias Voltage 

Low Bias Setting 

V+-0.3 

V+ 

V++0.3 

V 

Vbm 

required to set 

Med Bias Setting 

V- + 1.4 

GND 

V+-1.4 

V 

Vbl 

Quiescent Current 

High Bias Setting 

V--0.3 

V- 

V- + 0.3 

V 

■bias 

Bias (Pin 8 ) Input Current 



±30 


pA 

Idr 

Division Ratio Input 

Current 

V+ -8.0^Vdr^V+ +0.3 volt 


±30 


pA 

VdRH 

DR Voltage required to 

Internal oscillator division ratio 32 

V+-0.3 




Vdrl 

set Oscillator division ratio 

Internal oscillator division ratio 2 

00 

1 

+ 

> 





Effective Impedance of 






Ras 

Voltage Translator 

Analog Switches 



30 



Isupp 

Supply Current 

High Bias Setting 


7 





Med Bias Setting 


1.7 





Low Bias Setting 


0.6 



I 

> 

I 

+ 

> 

Operating Supply 

High Bias Setting 

5 


10 



Voltage Range 

Med or Low Bias Setting 

4 


10 



Note 5: For Design only, not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


INPUT OFFSET VOLTAGE 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



-50 -25 0 25 50 75 100 125 

Ta ■ AMBIENT TEMPERATURE - "C 
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INPUT OFFSET VOLTAGE AND 
PK-TO-PK NOISE VOLTAGE AS A 
FUNCTION OF COMMUTATION 
FREQUENCY (Cl C 2 =0.1 /xF) 



INPUT OFFSET VOLTAGE AND 
PK-TO-PK NOISE VOLTAGE AS A 
FUNCTION OF SUPPLY VOLTAGES 


NEGATIVE POWER SUPPLY VOLTAGE 
-7.5 -S.8 -6.5 -4.5 -3.6 -2. 


fA = 25*< 
Av = lOG 

Rs£1lci 
" Cl, C2 = 1.< 
_IV+-V“I =10 

— 



■ 



YOLT8 


_i 

«C( 

)M = 160 Hx 


~z 


ms 


sag 
















■■ 


sts 

■jjlllliSl 


_ 



_ 


+2.5 +3.5 +4.5 +5.5 +6.5 +7.5 

• POSITIVE POWER SUPPLY VOLTAGE 


INPUT OFFSET VOLTAGE AND 
PK-TO-PK NOISE AS A FUNCTION 
OF SUPPLY VOLTAGE (V+-V-) 
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INPUT OFFSET VOLTAGE AND 
PK-TO-PK NOISE VOLTAGE AS 
A FUNCTION OF COMMUTATION 
FREQUENCY (Ci, C2= IjaF) 



ICOM - COMMUTATION FREQUENCY - Hx 
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COMMON MODE REJECTION RATIO 
AS A FUNCTION OF THE INPUT 
DIFFERENTIAL TO SINGLE ENDED 
VOLTAGE CONVERTER CAPACITORS 



C3, C4 - VOLTAGE CONVERTER 
CAPACITOR VALUES — nF 
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ImFS^ 

-5Vo 


1M 


|iAZ -C 

Iff in i«| 

2HN+DIFF IN 17| 

3C4 

Caio 

4C4 

C 315 

5C2 

Cl 14 

6 C 2 

Cl 13 

7V- 

DR 12 

• BIAS 

OSC 11 

• OUTPUT Viol 


INPUT: 

QND OR VOLTAGE 
. BETWEEN 
“ (V+ +0.3) AND 
__ (V- -0.3) VOLT 

0+5V 


VOLTAGE GAIN = 1000 


Figure 4: Test Circuit 1 
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Figure 5: Test Circuit 2 
DC to 10Hz Unity Gain Low Pass Fiiter 


DETAILED DESCRIPTION 

CAZ Instrumentation Amp Overview 

The CAZ instrumentation amplifier operates on principles 
which are very different from those of the conventional 
three op-amp designs, which must use ultra-precise 
trimmed resistor networks in order to achieve acceptable 
accuracy. An important advantage of the ICL7605/ICL7606 
CAZ instrumentation amp is the provision for self-compen¬ 
sation of internal error voltages, whether they are derived 
from steady-state conditions, such as temperature and sup¬ 
ply voltage fluctuations, or are due to long term drift. 

The CAZ instrumentation amplifier is constructed with 
monolithic CMOS technology, and consists of three distinct 
sections, two analog and one digital. The two analog sec¬ 
tions — a differential to single-ended voltage converter, and 
a CAZ op amp — have on-chip analog switches to steer the 
input signal. The analog switches are driven from a self- 
contained digital section which consists of an RC oscillator, 
a programmable divider, and associated voltage translators. 
A functional layout of the ICL7605/ICL7606 is shown in Fig¬ 
ure 6. 


^DlMinii^DlL 



The ICL7605/ICL7606 have approximately constant 
equivalent input noise voltage, CMRR, PSRR, input offset 
voltage and drift values independent of the gain configura¬ 
tion. By comparison, hybrid-type modules which use the tra¬ 
ditional three op amp configuration have relatively poor per¬ 
formance at low gain (1 to 100) with improved performance 
above a gain of 100. 

The only major limitation of the ICL7605/ICL7606 is its 
low-frequency operation (10 to 20Hz maximum). However in 
many applications bandwidth is not the most important pa¬ 
rameter. 

CAZ Op Amp Section 

Operation of the CAZ op-amp section of the ICL7605/ 
ICL7606 is best illustrated by referring to Figure 7. The ba¬ 
sic amplifier configuration, represented by the large trian¬ 
gles, has one more input than does a regular op amp — the 
AZ, or auto-zero terminal. The voltage on the AZ Input is 
that level at which each of the internal op amps will be auto- 
zeroed. In Mode A, op amp #2 is connected in a unity gain 
mode through on-chip analog switches. It charges external 
capacitor C 2 to a voltage equal to the DC input offset volt¬ 
age of the amplifier plus the instantaneous low-frequency 
noise voltage. A short time later, the analog switches recon¬ 
nect the on-chip op amps to the configuration shown in 
Mode B. In this mode, op amp #2 has capacitor C 2 (which 
Is charged to a voltage equal to the offset and noise voltage 
of op amp #2) connected in series to its non-inverting (+) 
input in such a manner as to null out the input offset and 
noise voltages of the amplifier. While one of the on-chip op 
amps is processing the input signal, the second op amp is in 
an auto-zero mode, charging a capacitor to a voltage equal 
to its equivalent DC and low frequency error voltage. The 
on-chip amplifiers are connected and reconnected at a rate 
designated as the commutation frequency (fcoM). so that at 
all times one or the other of the on-chip op amps is process¬ 
ing the input signal, while the voltages on capacitors Ci and 
C 2 are being updated to compensate for variables such as 
low frequency noise voltage and input offset voltage chang¬ 
es due to temperature, drift or supply voltages effects. 
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Figure 7: Diagrammatic representation of the 2 haif cycies of operation of the CAZ OP AMP. 



Compared to the standard bipolar or FET input op amps, 
the CAZ amp scheme demonstrates a number of important 
advantages: 

* Effective input offset voltages can be reduced from 
1000 to 10,000 times without trimming. 

* Long-term offset voltage drift phenomena can be 
compensated and dramatically reduced. 

* Thermal effects can be compensated for over a 
wide operating temperature range. Reductions can 
be as much as 100 times or better. 

* Supply voltage sensitivity is reduced. 

CMOS processing is ideally suited to implement the CAZ 
amp structure. The digital section is easily fabricated, and 
the transmission gates (analog switches) which connect the 
on-chip op amps can be constructed for minimum charge 


injection and the widest operating voltage range. The ana¬ 
log section, which includes the on-chip op amps, contrib¬ 
utes performance figures which are similar to bipolar or FET 
input designs. The CMOS structure provides the CAZ op- 
amp with open-loop gains of greater than lOOdB, typical 
input offset voltages of ± 5mV, and ultra-low leakage cur¬ 
rents, typically 1 pA. 

The CMOS transmission gates connect the on-chip op 
amps to external input and output terminals, as shown in 
Figure 8. Here, one op amp and its associated analog 
switches are required to connect each on-chip op amp, so 
that at any time three switches are open and three switches 
are closed. Each analog switch consists of a P-channel 
transistor in parallel with an N-channel transistor. 
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Figure 9: Schematic of the differentiai to singie ended voitage converter 


DIFFERENTIAL-TO-SINGLE-ENDED 
UNITY GAIN VOLTAGE CONVERTER 

An idealized schematic of the voltage converter block is 
shovYn in Figure 9. The mode of operation is quite simple, 
involving two capacitors and eight switches. The switches 
are arranged so that four are open and four are closed. The 
four conducting switches connect one of the capacitors 
across the differential input, and the other from a ground or 
reference voltage to the input of the CAZ instrumentation 
amp. The output signal of this configuration is shown in Fig¬ 
ure 10, where the voltage steps equal the differential volt¬ 
age (Va-Vb) at commutation times a, b, c, etc. The output 
waveform thus represents all information contained in the 
input signal from DC up to the commutation frequency, in¬ 
cluding commutation and noise voltages. Sampling theory 
states that to preserve the information to be processed, at 
least two samples must be taken within a period (1 /f) of the 
highest frequency being sampled. Consequently this 
scheme preserves information up to the commutation fre¬ 
quency. Above the commutation frequency, the input signal 
is translated to a lower frequency. This phenomenon is 
known as aliasing. Although the output responds to inputs 
above the commutation frequency, the frequencies of the 
output responses will be below the commutation frequency. 
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Figure 10: Input to Output Voltage 
waveforms from the differential to single 
ended voltage converter. For additional 
information, see frequency characteristics in 
Amplitude Response of the Input Differential 
to single ended voltage converter graph on 
page 5. 
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Figure 11:3-y2 Digit Digitai Readout Torque Wrench 


The voltage converter is fabricated with CMOS analog 
switches, which contain a parallel combination of P-channel 
and N-channel transistors. The switches have a finite ON 
impedances of 30kll, plus parasitic capacitances to the 
substrate. Because of the charge injection effects which ap¬ 
pear at both the switches and the output of the voltage 
converter, the values of capacitors C 3 and C 4 must be 
about IjitF to preserve signal translation accuracies to 
0.01%. The IjaF capacitors, coupled with the 30kn equiva¬ 
lent impedance of the switches, produce a low-pass filter 
response from the voltage converter which is down approxi¬ 
mately 3dB at 10Hz. 

APPLICATIONS 

Using the ICL7605/ICL7606 to Build a 
Digital Readout Torque Wrench 

A typical application for the ICL7605/ICL7606 is In a 
strain gauge system, such as the digital readout torque 
wrench circuit shown in Figure 6 . In this application, the 
CAZ instrumentation amplifier is used as a preamplifier, tak¬ 
ing the differential voltage of the bridge and converting it to 
a single-ended voltage referenced to ground. The signal is 
then amplified by the CAZ instrumentation amplifier and ap¬ 
plied to the input of a O-Va digit dual-slope A/D converter 
which drives the LCD panel meter display. The A/D con¬ 
verter device used in this instance is the Intersil ICL7106. 

In the digital readout torque wrench circuit, the reference 
voltage for the ICL7106 is derived from the stimulus applied 
to the strain gauge, to utilize the ratiometric capabilities of 


the A/D. In order to set the full-scale reading, a value of 
gain for the ICL7605/ICL7606 instrumentation CAZ amp 
must be selected along with an appropriate value for the 
reference voltage. The gain should be set so that at full 
scale, the output will swing about 0.5V. The reference volt¬ 
age required is about one-half the maximum output swing, 
or approximately 0.25V. 

In this type of system, only one adjustment is required. 
Either the amplifier gain or the reference voltage must be 
varied for full-scale adjustment. Total current consumption 
of all circuitry, less the current through the strain gauge 
bridge, is typically 2mA. The accuracy is limited only by re¬ 
sistor ratios and the transducer. 

SOME HELPFUL HINTS 

Testing the ICL7605/ICL7606 CAZ 
Instrumentation Amplifier 

Figure 4 and 5 (Test Circuits) provide a convenient means 
of measuring most of the important electrical parameters of 
the CAZ instrumentation amp. The output signal can be 
viewed on an oscilloscope after being fed through a low- 
pass filter. It is recommended that for most applications, a 
low-pass filter of about 1.0 to 1.5Hz be used to reduce the 
peak-to-peak noise to about the same level as the input 
offset voltage. 

The output low-pass filter must be a high-input imped¬ 
ance RC type — not simply a capacitor across the feedback 
resistor R 2 . Resistor and capacitor values of about 10Okfl 
and 1 .OjLiF are necessary so that the output load impedance 
on the CAZ op-amp is greater than lOOkft. 
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Bias Control 

The on-chip op amps consume over 90% of the power 
required by the ICL7605/ICL7606. For this reason, the inter¬ 
nal op amps have externally programmable bias levels. 
These levels are set by connecting the BIAS terminal to 
either V+, GND, or V", for LOW, MED or HIGH BIAS lev¬ 
els, respectively. The difference between each bias setting 
is about a factor of 3, allowing a 9:1 ratio of quiescent sup¬ 
ply current versus bias setting. This current programmability 
provides the user with a choice of device power dissipation 
levels, slew rates (the higher the slew rate, the better the 
recovery from commutation spikes), and offset errors due to 
“IR” voltage drops and thermoelectric effects (the higher 
the power dissipation, the higher the input offset error). In 
most cases, the medium bias (MED BIAS) setting will be 
found to be the best choice. 

Output Loading (Resistive) 

With a lOkn load, the output voltage swing can vary 
across nearly the entire supply voltage range, and the de¬ 
vice can be used with loads as low as 2kll. 

However, with loads of less than 50kn, the on-chip op 
amps will begin to exhibit the characteristics of transcon¬ 
ductance amplifiers, since their respective output imped¬ 
ances are nearly 50kn each. Thus the open-loop gain is 
20dB less with a 2kfl load than it would be with a 20kfl 
load. Therefore, for high gain configurations requiring high 
accuracy, an output load of 10OkH or more is suggested. 

There is another consideration in applying the CAZ instru¬ 
mentation op amps which must not be overlooked. This is 
the additional power dissipation of the chip which will result 
from a large output voltage swing into a low resistance load. 
This added power dissipation can affect the initial input off¬ 
set voltages under certain conditions. 

Output Loading (Capacitive) 

In many applications, it is desirable to include a low-pass 
filter at the output of the CAZ instrumentation op amp to 
reduce high-frequency noise outside the desired signal 
passband. An obvious solution when using a conventional 
op amp would be to place a capacitor across the external 
feedback resistor and thus produce a low-pass filter. 

However, with the CAZ op amp concept this is not possi¬ 
ble because of the nature of the commutation spikes. These 
voltage spikes exhibit a low-impedance characteris¬ 


tic in the direction of the auto-zero voltage and a high-im- 
pedance characteristic on the recovery edge, as shown in 
Figure 12. It can be seen that the effect of a large load 
capacitor produces an area error in the output waveform, 
and hence an effective gain error. The output low-pass filter 
must be of a high-impedance type to avoid these area er¬ 
rors. For example, a 1.5Hz filter will require a lOOkfl resistor 
and a I.OjutF capacitor, or a IMfl resistor and a 0.1 juF ca¬ 
pacitor. 

Oscillator and Digital Circuitry 
Considerations 

The oscillator has been designed to run free at about 
5.2kHz when the OSC terminal is open circuit. If the full 
divider network is used, this will result in a nominal commu¬ 
tation frequency of approximately 160Hz. The commutation 
frequency is that frequency at which the on-chip op amps 
are switched between the signal processing and the auto¬ 
zero modes. A 160Hz commutation frequency represents 
the best compromise between input offset voltage and low 
frequency noise. Other commutation frequencies may pro¬ 
vide optimization of some parameters, but always at the ex¬ 
pense of others. 

The oscillator has a very high output impedance, so that a 
load of only a few picofarads on the OSC terminal will cause 
a significant shift in frequency. It is therefore recommended 
that if the natural oscillator frequency is desired (5.2kHz) 
the terminal remains open circuit. In other instances, it may 
be desirable to synchronize the oscillator with an external 
clock source, or to run it at another frequency. The 
ICL7605/ICL7606 CAZ amp provides two degrees of flexi¬ 
bility in this respect. First, the DR (division ratio) terminal 
allows a choice of either dividing the oscillator by 32 (DR 
terminal to V+) or by 2 (DR terminal to GND) to obtain the 
commutation frequency. Second, the oscillator may have its 
frequency lowered by the addition of an external capacitor 
connected between the OSC terminal and the V+ or sys¬ 
tem GND terminals. For situations which require that the 
commutation frequency be synchronized with a master 
clock, (Figure 13) the OSC terminal may be driven from TTL 
logic (with resistive pull-up) or by CMOS logic, provided that 
the V+ supply is +5V (±10%) and the logic driver also 
operates from a similar voltage supply. The reason for this 
requirement is that the logic section (including the oscillator) 
operates from an internal — 5V supply, referenced to V+ 
supply, which is not accessible externally. 
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Thermoelectric Effects 

The ultimate limitations to ultra-high-sensitivity DC amplifi¬ 
ers are due to thermoelectric, Peltier, or thermocouple ef¬ 
fects in electrical junctions consisting of various metals (al¬ 
loys, silicon, etc.) Unless all junctions are at precisely the 
same temperature, small thermoelectric voltages will be 
produced, generally about 0.1 jiiV/^C. However, these volt¬ 
ages can be several tens of microvolts per “C for certain 
thermocouple materials. 
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Figure 13: iCL7605 being ciocked from externai 
iogic into the osciiiator terminal. 


In order to realize the extremely low offset voltages which 
the CAZ op amp can produce, it is necessary to take pre¬ 
cautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement across de¬ 
vice surfaces. In addition, the supply voltages and power 
dissipation should be kept to a minimum by use of the MED 
BIAS setting. Employ a high impedance load and keep the 
ICL7605/ICL7606 away from equipment which dissipates 
heat. 

Component Selection 

The four capacitors (Ci thru C 4 ) should each be about 
1 .OjliF. These are relatively large values for non-electrolytic 
capacitors, but since the voltages stored on them change 
significantly, problems of dielectric absorption, charge 
bleed-off and the like are as significant as they would be for 
integrating dual-slope A/D converter applications. Polypro¬ 
pylene types are the best for C 3 and C 4 , although Mylar 
may be adequate for Ci and C 2 . 

Excellent results have been obtained for commercial tem¬ 
perature ranges using several of the less-expensive, small- 
er-size capacitors, since the absolute values of the capaci¬ 
tors are not critical. Even polarized electrolytic capacitors 
rated at I.OjmF and 50V have been used successfully at 
room temperature, although no recommendations are made 
concerning the use of such capacitors. 



Commutation Voltage Transient Effects 

Although in most respects the CAZ instrumentation ampli¬ 
fier resembles a conventional op amp, its principal applica¬ 
tions will be in very low level, low-frequency preamplifiers 
limited to DC through 10Hz. The is due to the finite switch¬ 
ing transients which occur at both the input and output ter¬ 
minals because of commutation effects. These transients 
have a frequency spectrum beginning at the commutation 
frequency, and including all of the higher harmonics of the 
commutation frequency. Assuming that the commutation 
frequency is higher than the highest in-band frequency, then 
the commutation transients can be filtered out with a low- 
pass filter. 

The input commutation transients arise when each of the 
on-chip op amps experiences a shift in voltage which is 
equal to the input offset voltages (about 5-1 OmV), usually 
occurring during the transition between the signal process¬ 
ing mode and the auto-zero mode. Since the input capaci¬ 
tances of the on-chip op-amps are typically in the lOpF 
range, and since it is desirable to reduce the effective input 
offset voltage about 10,000 times, the offset voltage auto¬ 
zero capacitors Ci and C 2 must have values of at least 
10,000 XIOpF, or O.ljnF each. 

The charge that is injected into the input of each op amp 
when being switched into the signal processing mode pro¬ 
duces a rapidly-decaying voltage spike at the input, plus an 
equivalent DC input bias current averaged over a full cycle. 
This bias current is directly proportional to the commutation 
frequency, and in most instances will greatly exceed the 
inherent leakage currents of the input analog switches, 
which are typically I.OpA at an ambient temperature of 
25°C. 

The output waveform in Figure 4 (with no input signal) is 
shown in Figure 14. Note that the equivalent noise voltage 
is amplified 1000 times, and that due to the slew rate of the 
on-chip op amps, the input transients of approximately 7mV 
are amplified by a factor of less than 1000 . 



Care should be exercised in positioning components on 
the PC board particularly the capacitors Ci, C 2 , C 3 and C 4 , 
which must all be shielded from the OSC terminal. Also, 
parasitic PC board leakage capacitances associated with 
these four capacitors should be kept as low as possible to 
minimize charge injection effects. 
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ICL76XX Series Low Power 
CMOS Operational Amplifiers 



GENERAL DESCRIPTION 

The ICL761X/762X/763X/764X series is a family of 
monolithic CMOS operational amplifiers. These devices pro¬ 
vide the designer with high performance operation at low 
supply voltages and selectable quiescent currents, and are 
an ideal design tool when ultra low input current and low 
power dissipation are desired. 

The basic amplifier will operate at supply voltages ranging 
from ± 1V to ±8V, and may be operated from a single Lithi¬ 
um cell. 

A unique quiescent current programming pin allows set¬ 
ting of standby current to 1mA, IOOjliA, or lOjaA, with no 
external components. This results In power consumption as 
low as 20jaW. Output swings range to within a few millivolts 
of the supply voltages. 

Of particular significance is the extremely low (1 pA) input 
current, input noise current of .OIpA/v/Hz, and 10 i 2 ft input 
impedance. These features optimize performance In very 
high source impedance applications. 

The inputs are internally protected and require no special 
handling procedures. Outputs are fully protected against 
short circuits to ground or to either supply. 

AC performance is excellent, with a slew rate of 1.6 V/juls, 
and unity gain bandwidth of 1MHz at Iq= 1mA. 

Because of the low power dissipation, operating tempera¬ 
tures and drift are quite low. Applications utilizing these fea¬ 
tures may include stable instruments, extended life designs, 
or high density packages. 

SELECTION GUIDE 

DEVICE NOMENCLATURE 

ICL76XX X X XX 


I-Package Code 

TV —TO-99,8pin 
PA — Plastic 8 pin Mlnidip 
PD — 14 pin Plastic Dip 
PE — 16 pin Plastic Dip 
JD —14pin CERDIP 
JE—16pin CERDIP 

-Temperature Range 

C = 0"C to 70“C 
M= -55"Cto +125"C 

-Vos Selection 

A=2mV 
B = 5mV 
C=10mV 
D=15mV 
E = 20mV 


FEATURES 

• Wide Operating Voitage Range ±1V to ±8V 

• High Input Impedance — 10i2n 

• Programmable Power Consumption — Low As 20 jliW 

• Input Current Lower Than BIFETs —Typ IpA 

• Available As Singles, Duals, Triples, and Quads 

• Output Voltage Swings to Within Millivolts Of V~ and 
V+ 

• Low Power Replacement for Many Standard Op 
Amps 

• Compensated and Uncompensated Versions 

• Input Common Mode Voltage Range Greater Than 
Supply Rails (ICL7612) 

APPLICATIONS 

• Portable Instruments 

• Telephone Headsets 

• Hearing Aid/Microphone Amplifiers 

• Meter Amplifiers 

• Medical instruments 

• High impedance Buffers 


SPECIAL FEATURE CODES 

C = INTERNALLY COMPENSATED 

H = HIGH QUIESCENT CURRENT (1 mA) 

L = LOW QUIESCENT CURRENT (1 OjaA) 

M = MEDIUM QUIESCENT CURRENT (1 OO/xA) 

O = OFFSET NULL CAPABILITY 

P = PROGRAMMABLE QUIESCENT CURRENT 

V = EXTENDED CMVR 
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ORDERING INFORMATION 



Number of 

Package Type and Suffix 

Basic 

Part 

OP-AMPS in 
Package, and 
Speciai Features 
(SEE CODES) 

8-Lead TO-9d 

8-Pin 

MiNiDiP 

8-Pin 

SOiC 

Piastic 

DiP(1) 

Ceramic DiP (1) 

Number 

OX to 

-55XtO 

OX to 

OX to 

OX to 

OX to 

-56XtO 


+ 70°C 

+ 125X 

+ 70X 

+ 70“C 

+ 70X 

+ 70X 

+ 125X 


SINGLE OP-AMP: 








ICL7611 

C, O.P 

ACTV 

AMTV 

ACPA 

DCPA 




ICL7612 

C, 0, P, V 

BCTV 

BMTV 

BCPA 

DCBA 





DUAL OP-AMP: 

ACTV 

AMTV 

ACPA 





ICL7621 

C,M 

BCTV 

BMTV 

BCPA 







DCTV 


DCPA 






TRIPLE OP-AMP: 








ICL7631 

C.P 





ECPE 




QUAD OP-AMP: 








ICL7641 

C,H 








ICL7642 

C,L 





CCPD 

CCJD 

CMJD 







ECPD 

ECJD 



NOTES: 1. Duals and quads are available in 14 pin DIP package, triples in 16 pin only. 

2. Ordering code must consist of basic part number and package suffix, e.g., ICL7611BCPA. 
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Device 


Description 


Pin Assignments 


ICL7621XCPA 

ICL7621XCTV 

ICL7621XMTV 


Dual op amps with internal 
compensation; Iq fixed 
atlOOjaA 

Pin compatible with 
Texas Inst. TL082 
Motorola MC1458 
Raytheon RC4558 


TO-99 (TOP VIEW) 
(outline dwg TV) 


^PIN DIP (TOP VIEW) 
(outline dwg PA) 
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*Pin 8 connected to case. 


ICL7631XCPE 


Triple op amps with internal 
compensation. 

Adjustable Iq 

Same pin configuration as 

ICL8023. 


16 PIN DIP (TOP VIEW) 
(outline dwgs JE, PE) 



Note: pins 5 and 15 are internally connected. 


ICL7641XCPD 

ICL7642XCPD 


Quad op amps with internal 
compensation. 

Iq fixed at 1mA (ICL7641) 
Iq fixed at lOjmA (ICL7642) 
Pin compatible with 
Texas Instr. TL084 
National LM324 
Harris HA4741 


14 PIN DIP (TOP VIEW) 
(outline dwg JD, PD) 



Figure 1: Pin Configurations (Cont.) 
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ABSOLUTE MAXIMUM RATINGS 

Continuous Power Dissipation 


Total Supply Voltage V + to V- .18V 


@25*0 

Above 25*0 

Input Voltage .V“ -0.3toV+ +0.3V 


derate as below: 

Differential Input Voltage Ml . ±[(V+ +0.3)-(V- -0.3)]V 

TO-99 

250mW 

2 mW/“C 

Duration of Output Short Circuitl2i .Unlimited 

8 Lead Minidip 

250mW 

2mW/‘‘C 


14 Lead Plastic 

375mW 

3mW/“C 


14 Lead Cerdip 

500mW 

4mW/“C 


16 Lead Plastic 

375mW 

3mW/"C 


16 Lead Cerdip 

500mW 

4mW/*C 


Storage Temperature Range. 

Operating Temperature Range 

.. -65*0 to +150“C 


ICL76XXM. 


.. -SS^Cto +125“C 


ICL76XXC . 


.O^Cto +70“C 


Lead Temperature (Soldering, lOsec) 

. 300“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTE 1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 

2. The outputs may be shorted to ground or to either supply, for Vsupp^lOV. Care must be taken to insure that the dissipation rating is not exceeded. 


ELECTRICAL CHARACTERISTICS (7611/12 and 7621 ONLY) 

(VsuppLY= ± 5.0V, Ta= 25“C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXA 

76XXB 

76XXD 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

Rs^100kn,TA = 25‘’C 



2 



5 



15 

mV 



Tmin^Ta^Tmax 



3 



7 



20 


AVos/AT 

Temperature Coefficient of Vqs 

Rs^lOOkfl 


10 



15 



25 


fjiVrc 



Ta=25*C 


0.5 

30 


0.5 

30 


0.5 

30 




ATa = C(2) 



300 



300 



300 

pA 



ATa=M(2) 



800 



800 



800 


•bias 

Input Bias Current 

Ta = 25"C 


1.0 

50 


1.0 

50 


1.0 

50 




ATa=C 



400 



400 



400 

pA 



ATa=M 



4000 



4000 



4000 


VCMR 

Common Mode Voltage Range 

lQ=10jaA(1) 

±4.4 



±4.4 



±4.4 





(Except ICL7612) 

Iq= 100ju,A 

±4.2 



±4.2 



±4.2 



V 



lQ=1mA(l) 

±3.7 



±3.7 



±3.7 




VCMR 

Extended Common Mode 

Iq= lOjaA 

±5.3 



±5.3 



±5.3 





Voltage Range 

Iq= lOOjuiA 

+ 5 3 



+ 5 3 



+ 53 





(ICL7612 0nly) 

-5.1 



-5.1 



-5.1 



V 



lQ = 1mA 

+ 5.3 
-4.5 



+ 5.3 
-4.5 



+ 5.3 
-4.5 




VOUT 

Output Voltage Swing 

(1)lQ=10iuiA, RL=1Mn 
Ta=25“C 

±4.9 



±4.9 



±4.9 






ATa=C 

±4.8 



±4.8 



±4.8 






ATa=M 

±4.7 



±4.7 



±4.7 






lQ=100jLtA, RL=100kft 

Ta=25“C 

±4.9 



±4.9 



±4.9 






ATa=C 

±4.8 



±4.8 



±4.8 



V 



ata=m 

±4.5 



±4.5 



±4.5 






(1)lQ=1mA, RL=10kn 
Ta=25"C 

±4.5 



±4.5 



±4.5 






ATa=C 

±4.3 



±4.3 



±4.3 






ATa=M 

±4.0 



±4.0 



±4.0 
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ELECTRICAL CHARACTERISTICS (7611/12 and 7621 ONLY) (Continued) 

(VsupPLY= ±5.0V, Ta= 25“C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXA 

76XXB 

76XXD 

Units 

Min 

Typ 





jjjjJJjj 

BH 

1223 





Large Signal Voltage Gain 

Vo =± 4.0V, RL=1Mn 
Iq=10ju,A(1),Ta=25'’C 

86 


1 

80 



80 


■ 




aTa=c 

80 


■ 

75 



75 






ATa = M 

74 


■ 

68 



68 


■ 




Vo =± 4.0V, RL=100kft 
lQ=100jaA,TA=25*C 

86 

102 


80 

102 


80 

102 





ATa = C 

80 



75 



75 






ATa = M 

74 



68 



68 






Vo =± 4.0V, RL=10kn 
lQ=1mA(i),TA=25“C 

80 

83 

I 

76 

83 


76 

83 





ATa = C 

76 


■ 

72 



72 






ATa=M 

72 


■ 

68 



68 




GBW 

Unity Gain Bandwidth 

lQ = 10jaA(1) 


0.044 



0.044 



0.044 


MHz 



Iq= lOOjitA 


0.48 



0.48 



0.48 



IHIIIII 


lQ=1mA(l) 


1.4 



1.4 



1.4 



Rin 

Input Resistance 



Btfll 



1012 



IBB 



CMRR 


Rs^lOOkn, lQ=10juiA(l) 

76 

96 


70 

96 


70 

96 


■nn 



Rs^lOOkfl, lQ=100jLtA 

76 

91 


70 

91 


70 

91 


dB 




66 

87 


60 

87 


60 

87 



PSRR 



80 

94 

■ 


94 

■ 

PI 

94 

■ 




Rs^^lOOkn, lQ=100jaA 

80 

86 

■ 

ill 

86 

■ 

m 

86 





Rs^lOOkn, lQ = 1mA(1) 

70 

77 

■ 

m 

77 

■ 

0 

77 

■ 


®n 

Input Referred Noise Voltage 

Rs=100af=1kHz 


ca 



wsst 



lEEl 



•n 

Input Referred Noise Current 

Rs=100n,f=1kHz 





EES 






•supply 

Supply Current 

No Signal, No Load 




m 



■ 





(Per Amplifier) 

Iq SET=+5V(1) 


0.01 

0.02 

■ 

0.01 

0.02 

■ 


0.02 




Iq set==ov 


0.1 

0.25 

■ 

0.1 

0.25 

■ 


0.25 

mA 



Iq SET=-5V(1) 


1.0 

2.5 

■ 

1.0 

2.5 

■ 


2.5 


V 01 /V 02 

Channel Separation 

Avol=='J00 











SR 

Slew Rate(3) 

Avol ~ "I > Cl = 1 oopF 

V|N = 8Vp-p 

Iq=10hA( 1), RL=1Mft 


0.016 



0.016 



0.016 





lQ=100juiA, RL=100kn 


0.16 



0.16 



0.16 





lQ=1mA(i),RL=10kft 


1.6 



1.6 



1.6 



tr 

Rise Tlme(3) 

V|N = 50mV,CL=100pF 
Iq=10/xA 0), RL=1Mn 

1 


■ 

1 

20 

1 

1 


1 




lQ=100ju,A.RL=100kn 

■ 


■ 

■ 

2 


■ 






lQ=1mA(1), RL=10kft 

■ 


■ 

■ 

0.9 

■ 

■ 


■ 



Overshoot Factor(3) 

V|N = 50mV, Cl=100pF 
lQ=10jaAl,RL=1Mft 


5 

1 

1 

5 

1 

1 

5 

1 




lQ = 100jaA, RL=100kft 


10 


■ 

10 

■ 

■ 

10 

■ 

% 



lQ = 1mAl,RL=10kft 


40 

■ 

■ 

40 

■ 

■ 

40 

■ 



NOTES: 1. ICL7611, 7612 only. 

2. C=Commercial Temperature Range: 0®C to +70*0 
M = Military Temperature Range: -SS^Cto +125*0 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (7611/12 AND 7621 ONLY) 

(VsuppLY= ± 1 -OV, Iq= lOjuiA, Ta= 25"C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXA 

76XXB 

Units 

Min 

Typ 

Max 


Typ 






Vos 

Input Offset Voltage 

Rs^100kft.TA=25‘»C 



2 



5 

mV 



Tmin^Ta^Tmax 



3 



7 


AVos/^T 

Temperature Coefficient of Vqs 

Rs^lOOkft 


10 



mm 


juvrc 

•os 

Input Offset Current 

Ta = 25X 










ATa=C 





mu 




Ta=25‘*C 




■I 

■1 





ATa=C 





■B 






■ 

■ 


B 


V 

VcMR 

Extended Common Mode Voltage 




■ 


■■ 

■ 

mm 


Range (ICL7612 Only) 




■ 










■ 


n 

■ 


B39H 

Output Voltage Swing 

RL-1Mn,TA = 25‘‘C 


±0.98 



±0.98 


mm 

■■ 


ATa=C 


±0.96 



±0.96 




Large Signal Voltage Gain 

Vo=±0.1V, RL=1Mn 
Ta=25"C 


90 



R 

■ 

dB 



ATa==C 


80 



19 

Hi 


^Qllll 

Unity Gain Bandwidth 









Rin 

Input Resistance 









CMRR 

Common Mode Rejection Ratio 

Rs^iookn 


l^ 






PSRR 

Power Supply Rejection Ratio 

Rs^iooka 


mi 






©n 

Input Referred Noise Voltage 

Rs=100n,f=1kHz 








•n 

Input Referred Noise Current 

Rs=100af=1kHz 





0.01 


pA/VHz 

•supply 

Supply Current 
(Per Amplifier) 

No Signal, No Load 


B 



6 

15 

juiA 

SR 

Slew Rate 

Avol 1 > Cl = 1 oopF 

V|N = 0.2Vp-p 

RL=iMn 

■ 


1 

■ 


1 

m 

tr 

Rise Time 

V|N = 50mV, Cl=100pF 
RL=1Mft 


20 



B 

■ 

B 

IH 





■ 


5 


% 


NOTE; C=Commercial Temperature Range (O'C to +70®C) M=Military Temperature Range (-SS'C to + 125®C). 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (7631, 7641/42 ONLY) 

(VsupPLY= ±5.0V, Ta= 25‘’C, unless otherwise specified.) 



Parameter 

Test Conditions 

76XXC (6) 

76XXE (6) 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 







Rs^100kaTA = 25"C 



10 




mV 



Tmin^Ta^Tmax 



15 





AVos/AT 

Temperature Coefficient of Vqs 

Rs^lOOka (Note 5) 


20 





mi 

•os 

Input Offset Current 

Ta = 25‘’C 


0.5 

30 


0.5 

30 




ATa=C 



300 



300 




ATa=M 



800 



800 


•bias 

Input Bias Current 

Ta = 25“C 


1.0 

50 


1.0 

50 




ata=c 



500 



500 

pA 



ata=m 



4000 



4000 


VcMR 

Common Mode Voltage Range 

lQ=10)utA(1) 

±4.4 



±4.4 






Iq=100h,A(3) 

±4.2 



±4.2 



V 



lQ=1mA(2) 

±3.7 



±3.7 




VOUT 

Output Voltage Swing 

(1)lQ=10nA,Ru=1Mft 

Ta=25°C 

±4.9 



±4.9 

■ 

■ 




ata=c 

±4.8 



±4.8 

■ 





ATa = M 

±4.7 



±4.7 


m 




lQ=100jLiA, RL=100kn 
(3) Ta=25-*C 

±4.9 



■ 

■ 

■ 




ATa=C 

±4.8 









ATa = M 

±4.5 




mil 

m 




(2) lQ=1mA, RL=10ka 
Ta=25‘‘C 

±4.5 

■ 


±4.5 

■ 

■ 




ATa = C 

±4.3 



±4.3 






ATa = M 

±4.0 



±4.0 

mi 

m 



Large Signal Voltage Gain 

Vo =± 4.0V, RL=1Mn(1) 
lQ=10jLiA0),TA = 25‘’C 

80 

104 


80 

104 





ATa=C 

75 



75 






ata=m 

68 



68 






Vo =+4.0V, RL=100ka(3) 
lQ=100jaA,TA = 25“C 

80 

102 


80 

102 





ATa = C 

75 



75 






ATa = M 

68 



68 






Vq=± 4.0V, RL=10kn(2) 
lQ=1mA(i),TA = 25'*C 

80 

98 


80 

98 

■ 




ATa=C 

75 



75 






ATa = M 

68 



68 




GBW 

Unity Gain Bandwidth 

lQ=10jaA(1) 


0.044 



0.044 

■ 

wm 



lQ=100iaA(3) 


0.48 



0.48 


m 



lQ=1mA(2) 


1.4 



1.4 

m 

■ 

•^IN 

Input Resistance 



1012 



1012 

mi 

m 

CMRR 

Common Mode Rejection Ratio 

Rs^lOOkn, Iq=10jliA(1) 

70 

96 


70 

96 





Rs^lOOka, lQ=100juiA 

70 

91 


70 

91 


dB 



Rs^lOOkn, lQ=1mA(2) 

60 

87 


60 

87 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (7631, 7641/42 ONLY) (Continued) 

(VsupPLY= ±5.0V, Ta= 25'’C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXC (6) 

76XXE (6) 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





PSRR 

Power Supply Rejection Ratio 

Rs^lOOkn, Iq=10jliA(1) 

80 

94 


80 

94 





Rs^lOOkft, lQ = 100jLtA 

80 

86 


80 

86 


dB 



Rs^lOOkn, lQ=1mA(2) 

70 

77 


70 

77 



©n 

Input Referred Noise Voltage 

Rs = 100n,f=1kHz 


100 



100 


nV/VFIz 

In 

Input Referred Noise Current 

Rs=100a,f=1kHz 


0.01 



0.01 


pA/V'Hz 

ISUPPLY 

Supply Current 

No Signal, No Load 


0.01 

0.03 


0.01 

0.03 



(Per Amplifier) 

7642 ONLY 

Iq=10(xA0) 


0.01 

0.022 


0.01 

0.022 




Iq= lOOjuiA 


0.1 

0.25 


0.1 

0.25 

mA 



lQ=1mA(2) 


1.0 

2.5 


1.0 

2.5 


V 01 /V 02 

Channel Separation 

Avol= 100 


120 



120 


dB 

SR 

Slew Rate 

Avol “ 11 C|_ = 10OpF 

V|N = 8Vp-p 

lQ=10jaA(1), RL=1Mft 


0.016 



0.016 


V/jixs 



lQ=100jitA, RL=100kl2 


0.16 



0.16 





lQ=1mA(l),RL=10kft(2) 


1.6 



1.6 



tr 

Rise Time 

V|N = 50mV, Cl=100pF 
Iq=10jliA( 1), RL=1Mft 


20 



20 


fxS 



Iq=100jliA, RL = 100kft 


2 



2 





lQ=1mA(2), RL = 10kft 


0.9 



0.9 



■■ 

Overshoot Factor 

V|N = 50mV, Cl=100pF 
lQ=10jLtA(l), RL=1Mft 


5 



5 





lQ = 100jutA, RL=100kft 


10 



10 


% 

HHI 


lQ=1mA(2), RL=10kft 


40 



40 




NOTES: 1. Does not apply to 7641. For Test Conditions: 

2. Does not apply to 7642. C=Commercial Temperature Range: O^C to +70°C 

3. ICL7631 only. M = Military Temperature Range: -SS'Cto +125*C 



ELECTRICAL CHARACTERISTICS (7631 AND 7642 ONLY) 

(VsuppLY= ± 1.0V, Iq= IOjulA, Ta= 25“C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXC 

Units 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

Rs^100kn,TA=25“C 

Tmin^Ta^Tmax 



10 

12 

mV 

AVos/AT 

Temperature Coefficient of Vqs 

Rs^lOOkft 




jxyrc 

los 

Input Offset Current 

Ta = 25“C 

ATa=C 


0.5 

30 

300 

pA 








VcMR 

Common Mode Voltage Range 


±0.6 



V 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (7631 AND 7642 ONLY) (Continued) 

(VsuppLY= ± 1.0V, Iq= lOjuiA, Ta= 25"C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXC 

Units 

Min 

Typ 

Max 




■ 

±0.98 

±0.96 

■ 

V 

AvOL 

Large Signal Voltage Gain 

Vb=±0.1V, RL=1Mn 
Ta=25'*C 

ATa=C 


90 

80 


dB 

GBW 

Unity Gain Bandwidth 



0.044 


MHz 

Rin 

Input Resistance 





n 

CMRR 

Common Mode Rejection Ratio 

Rs^lOOkft 


80 


dB 

PSRR 

Power Supply Rejection Ratio 



80 


dB . 

©n 

Input Referred Noise Voltage 

Rs = 100af=1kHz 


100 


nV/t/Rz 

•n 

Input Referred Noise Current 

Rs = 100n,f=1kHz 


0.01 


pA/t/FE 

■supply 

Supply Current 
(Per Amplifier) 

No Signal, No Load 


6 

15 

juA 

V 01 /VO 2 

Channel Separation 

Avol~100 


120 


dB 

SR 

Slew Rate 

Avol = 1. Cl = 10OpF 

V,N = 0.2Vp-p 

RL=1Mft 

■ 


■ 

V/jits 

tr 

Rise Time 

V|N=50mV, Cl=100pF 
RL=1Mft 

■ 


■ 



Overshoot Factor 

V|N = 50mV, Cl=100pF 
RL=1Mn 

■ 

5 

■ 

% 


NOTE: C=Commercial Temperature Range (0*0 to +70*0) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT PER AMPLIFIER 
AS A FUNCTION OF SUPPLY 
VOLTAGE 



SUPPLY VOLTAGE - VOLTS 


0307-12 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE GAIN AS A FUNCTION 
OF FREE-AIR TEMPERATURE 



FREE-AIR TEMPERATURE - C 

0307-15 


SUPPLY CURRENT PER AMPLIFIER 
AS A FUNCTION OF FREE-AIR 



-50 -25 0 T25 tSO +7S TlOO •l■125 


FREE-AIR TEMPERATURE -‘C 


0307-13 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE GAIN AND PHASE SHIFT 
AS A FUNCTION OF FREQUENCY 



0307-16 


POWER SUPPLY REJECTION RATIO 
AS A FUNCTION OF FREE-AIR 
TEMPERATURE 



EQUIVALENT INPUT NOISE 
VOLTAGE AS A FUNCTION OF 
FREQUENCY 



INPUT BIAS CURRENT AS A 
FUNCTION OF TEMPERATURE 



0307-14 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREE-AIR 
TEMPERATURE 



0307-17 

PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION 
OF FREQUENCY 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION OF 
FREQUENCY 



100K 1M 

FREQUENCY - H* 


MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION OF 
SUPPLY VOLTAGE 



2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE - VOLTS 


MAXIMUM PEAK-TO-PEAK VOLTAGE 
AS A FUNCTION OF FREE-AIR 
TEMPERATURE 



VsuPP = 10 VOLTS 
In' = 1mA I 


-50 -25 0 +25 +50 +75 +100 +125 

FREE-AIR TEMPERATURE - “C 


MAXIMUM OUTPUT SOURCE 
CURRENT AS A FUNCTION OF 
SUPPLY VOLTAGE 


MAXIMUM OUTPUT SINK CURRENT 
AS A FUNCTION OF SUPPLY 
VOLTAGE 


MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION OF LOAD 
RESISTANCE 


V -V =10VOLTS 
Ta = 25 C 


SUPPLY VOLTAGE - VOLTS 

SUPPLY VOLTAGE - VOLTS 

LOAD RESISTANCE - K!> 

0307-24 

0307-25 

0307-26 

VOLTAGE FOLLOWER LARGE 

SIGNAL PULSE RESPONSE 

VOLTAGE FOLLOWER LARGE 

SIGNAL PULSE RESPONSE 

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 



0 200 400 600 

TIME ->is 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


7-42 















ICL76XX 


DETAILED DESCRIPTION 
Static Protection 

All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is pos¬ 
sible for the strong fields to cause degraded diode junction 
characteristics, which may result in increased input leakage 
currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond 
the supply rails may be applied to any pin. in general, the 
op-amp supplies must be established simultaneously with, 
or before any input signals are applied. If this is not possi¬ 
ble, the drive circuits must limit input current flow to 2mA to 
prevent latchup. 

Choosing the Proper Iq 

Each device in the ICL76XX family has a similar Iq set-up 
scheme, which allows the amplifier to be set to nominal 
quiescent currents of 10 /jlA, 100ju.A or 1mA. These current 
settings change only very slightly over the entire supply volt¬ 
age range. The ICL7611/12 and ICL7631 have an external 
Iq control terminal, permitting user selection of each amplifi¬ 
ers’ quiescent current. (The 7621 and 7641 /42 have fixed 
Iq settings — refer to selector guide for details.) To set the 
Iq of programmable versions, connect the Iq terminal as 
follows: 

lQ=10jLiA — Iq pin to V+ 

lQ=100jaA — Iq pin to ground. If this is not possible, any 
voltage from V+ -0.8 to V“ +0.8 can be used. 
lQ = 1mA — Iq pin to V- 

NOTE: The negative output current available is a function of 
the quiescent current setting. For maximum p-p output volt¬ 
age swings into low Impedance loads, Iq of 1 mA should be 
selected. 

Output Stage and Load Driving 
Considerations 

Each amplifiers’ quiescent current flows primarily In the 
output stage. This Is approximately 70% of the Iq settings. 
This allows output swings to almost the supply rails for out¬ 
put loads of 1 Mfl, lOOkft, and lOkft, using the output stage 



In a highly linear class A mode. In this mode, crossover 
distortion is avoided and the voltage gain is maximized. 
However, the output stage can also be operated in Class 
AB for higher output currents. (See graphs under Typical 
Operating Characteristics). During the transition from Class 
A to Class B operation, the output transfer characteristic is 
non-linear and the voltage gain decreases. 

A special feature of the output stage is that it approxi¬ 
mates a transconductance amplifier, and its gain is directly 
proportional to load Impedance. Approximately the same 
open loop gains are obtained at each of the Iq settings If 
corresponding loads of 10kft, 10Okft, and 1 Mft are used. 

Input Offset Nulling 

For those models provided with OFFSET NULLING pins, 
nulling may be achieved by connecting a 25K pot between 
the OFFSET terminals with the wiper connected to V+. At 
quiescent currents of 1mA and lOOjuA, the nulling range 
provided is adequate for all Vqs selections; however with 
Iq=10ju,A, nulling may not be possible with higher values of 
Vos- 

Frequency Compensation 

The ICL76XX are internally compensated, and are stable 
for closed loop gains as low as unity with capacitive loads 
up to lOOpF 

Extended Common Mode Input Range 

The ICL7612 Incorporates additional processing which al¬ 
lows the input CMVR to exceed each power supply rail by 
0.1 volt for applications where Vsupp^ il-SV. For those 
applications where Vsupp^ ± 1.5V, the input CMVR is limit¬ 
ed in the positive direction, but may exceed the negative 
supply rail by 0.1 volt in the negative direction (eg. for 
VsuPP= the Input CMVR would be +0.6 volts to 

-1.1 volts). 

OPERATION AT VsuPP= ± 1-0 VOLTS 

Operation at Vsupp= ±1.0V is guaranteed at lQ=10jLiA 
only. This applies to those devices with selectable Iq, and 
devices that are set internally to lQ=10jaA (i.e., ICL7611, 
7612, 7631, 7642). 

Output swings to within a few millivolts of the supply rails 
are achievable for Rl^IMII. Guaranteed input CMVR is 
±0.6V minimum and typically +0.9V to -0.7V at 
Vsupp^iTOV. For applications where greater common 
mode range is desirable, refer to the description of ICL7612 
above. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 

APPLICATIONS 

Note that in no case is Iq shown. The value of Iq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 


VOUT 


Rl > 10k 
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Figure 3: Simple Follower* 
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*By using the ICL7612 in these appiications, the circuits wiii foliow rail 
to rail inputs. 

Figure 4: Level Detector* 
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*Low leakage currents allow integration times up to several hours. 

Figure 5: Photocurrent Integrator 
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The low bias currents permit high resistance and low capacitance values to be used to achieve low frequency cutoff. fc=10Hz, Avcl= 4. Passband 
ripple=0.1dB 

*Note that small capacitors (25-50pF) may be needed for stability in some cases. 

Figure 9: Fifth Order Chebyshev Muitipie Feedback Low Pass Filter 



Note that Iq on each amplifier may be different. Avcl= 10. Q= 100, fo=100Hz. 

Figure 10: Second Order Biquad Bandpass Filter 
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NOTE 1. For devices with external compensation, use 33pF. 

2. For devices with programmable standby current, connect 

Iq pin to V“ (Iq= 1mA mode). 

Figure 11: Burn-in and Life Test Circuit 
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ICL7650 

Chopper-Stabilized 
Operational Amplifier 

GENERAL DESCRIPTION 

The ICL7650 chopper-stabilized amplifier is a high-per¬ 
formance device which offers exceptionally low offset volt¬ 
age and input-bias parameters, combined with excellent 
bandwidth and speed characteristics. Intersil’s unique 
CMOS approach to chopper-stabilized amplifier design 
yields a versatile precision component that can replace 
more expensive hybrid or monolithic devices. 

The chopper amplifier achieves Its low offset by compar¬ 
ing the Inverting and non-inverting input voltages In a nulling 
amplifier, nulled by alternate clock phases. Two external ca¬ 
pacitors are required to store the correcting potentials on 
the two amplifier nulling Inputs; these are the only externa! 
components necessary. 

The clock oscillator and all the other control circuitry is 
entirely self-contained, however the 14-pln version includes 
a provision for the use of an external clock, if required for a 
particular application. In addition, the ICL7650 is internally 
compensated for unity-gain operation. 

An enhanced direct replacement for this part called 
ICL7650S will become available shortly and will be more 
appropriate for new designs. 


ORDERING INFORMATION 


Part 

Temperature Range 

Package 

ICL7650CPA-1 

O'Cto +70‘’C 

8-PIN Plastic 

ICL7650BCPA-1 

0“CtO+70"C 

8-PIN Plastic 

ICL7650CPD 

0*Cto -f70“C 

14-PIN Plastic 

ICL7650BCPD 

O^CtO +70X 

14-PIN Plastic 

iCL7650CTV-1 

O^Cto +70‘’C 

8-PIN TO-99 

ICL7650BCTV-1 

0"Cto +70‘’C 

8-PIN TO-99 

ICL7650IJA-1 

-25*010 +85*0 

8-PIN OERDIP 

ICL7650BIJA-1 

-25*0 to +85*0 

8-PIN OERDIP 

ICL7650IJD 

-25*0 to +85*0 

14-PIN OERDIP 

ICL7650BIJD 

-25*0 to +85*0 

14-PIN OERDIP 

ICL7650ITV-1 

-25*0 to +85*0 

8-PIN TO-99 

ICL7650BITV.1 

-25*0 to +85*0 

8-PIN TO-99 

ICL7650MJD 

-55*0 to +125*0 

14-PIN OERDIP 

ICL7650BMJD 

-55*0 to +125*0 

14-PIN OERDIP 

ICL7650MTV-1 

-55*0 to+125*0 

8-PIN TO-99 

ICL7650BMTV-1 

-55*0 to+125*0 

8-PIN TO-99 


FEATURES 

• Extremely Low Input Offset Voltage — 2\iV 

• Low Long-Term and Temperature Drifts of Input 
Offset Voltage 

• Low DC Input Bias Current — 10pA (20pA 7650B) 

• Extremely High Gain, CMRR and PSRR —Min 120dB 

• High Slew Rate — 2.5V//xs 

• Wide Bandwidth — 2MHz 

• Unity-Gain Compensated 

• Very Low Intermodulation Effects (Open Loop Phase 
Shift <10X @ Chopper Frequency) 

• Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Use 

• Extremely Low Chopping Spikes at Input and Output 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V + to V “) .18 Volts 

Input Voltage.(V+ +0.3) to (V- -0.3) Volts 

Voltage on oscillator control pins.V+ to V- 

except EXT CLOCK IN:.(V+ + 0.3) to (V+ -6.0) Volts 

Duration of Output short circuit .Indefinite 

Current into any pin .10mA 

—while operating (Note 4) .lOOjaA 


Cont. Total Power Dissipn (Ta=25'*C) 


CERDIP Package . 500mW 

Plastic Package. 375mW 

TO-99 . 250mW 

Storage Temp. Range.-65“Cto150“C 

Operating Temp. Range .See Note 1 

Lead Temperature (Soldering, lOsec) . 300“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Figure 1: Functional Diagram 




V- 

8 LEAD TO - 99 
Figure 2: Pin Configuration 
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ELECTRICAL CHARACTERISTICS 

Test Conditions: V + = + 5V, V~ = -5V, Ta= + 25°C, (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 7650 

Limits 7650B 








Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

Ta=+25"C 

■ 

±2 


■ 






-25‘*C<Ta< + 85‘’C 
-55"C<Ta< + 125'’C 

■ 

±5 


■ 




AVos 

Average Temp. Coefficient 

-25‘’C<Ta<+85"C 


0.1 






AT 

of Input Offset Voltage 








AVos 

At 

Change in Input 

Offset Voltage 

With Time 



100 




■ 


■bias 

Input Bias Current 

Ta=+25“C 


±1.5 

±10 






(doubles every 10®C) 

0°C<Ta<+70‘’C 


±35 




m 



Polarity is + or - (Note 6) 

-25“C<Ta<+85‘’C 


±100 






los 

Input Offset Current (Note 5) 

Ta = 25“C 


5.0 




B 


R|N 

Input Resistance 



1012 





n 

Avol 

Large Signal Voltage Gain 

RL=10kft 

1 x 106 

5x106 


1 x 106 




VoUT 

Output Voltage Swing 

RL=10kft 

±4.7 

±4.85 


±4.7 

±4.85 




(Note 3) 

RL=100kll 


±4.95 



±4.95 



CMVR 

Common Mode Voltage Range 


-5.0 

-5.2 to 

1.5 









+ 2.0 

+ 2.0 





CMRR 

Common Mode Rejection Ratio 

CMVR=-5Vto +1.5 

110 

120 


110 

120 


dB 

PSRR 

Power Supply Rejection Ratio 

±3Vto +8V 

120 

130 


120 



dB 


Input Noise Voltage 

Rs= 100(1 
f = 0to10Hz 


2 



■ 


/^Vp.p 

■n 

Input Noise Current 

f=10Hz 


0.01 



IISQIII 


pA/YFE 

GBW 

Unity Gain Bandwidth 



2.0 





moi 

SR 

Slew Rate 

Cl=50pF, RL=10kn 


2.5 





HZffili 

tr 

Rise Time 










Overshoot 








% 

V+ toV- 

Operating Supply Range 


4.5 


16 

4.5 



V 

■supp 

Supply Current 

no load 


2.0 

3.5 


jj^QII 

3.5 

mA 

fch 

Internal Chopping Frequency 

pins 12-14 open (DIP) 

120 

200 

375 




Hz 


Clamp ON Current (note 2) 

RL=100kn 

25 

70 

150 


g 


julA 



- 4.0 V <VouT<+4.0 V 


1 


■1 



pA 


NOTES: 1. Operating temperature range for M series parts is -55“C to +125°C, for I series is -25°C to +85°C, for C series is O'C to +70'’C 

2. See OUTPUT CLAMP under detailed description. 

3. OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs clamp current characteristics. 

4. Limiting input current to lOOjuA is recommended to avoid latchup problems. Typically 1mA is safe, however this is not guaranteed. 

5. los = 2 • Ibias 

6. Ibias tested with clock disabled. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT V8. 
SUPPLY VOLTAGE 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE - VOLTS 


COMMON-MODE INPUT-VOLTAGE 
RANGE vs SUPPLY VOLTAGE 



EACH SUPPLY VOLTAGE (4- AND -) 
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SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPEBATUSE ~ *0 
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MAXIMUM OUTPUT CURRENT vs. 



2 4 6 5 10 12 14 16 


TOTAL SUPPLY VOLTAGE - VOLTS 

0308-5 


10Hz P-P NOISE VOLTAGE vs. 
CHOPPING FREQUENCY 



10 100 Ik 10k 

CNOPPINQ FBECMIENCV <CLOCK-OUD Hs 
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INPUT OFFSET VOLTAGE CHANGE 
vs. SUPPLY VOLTAGE 
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INPUT OFFSET VOLTAGE 
vs. CHOPPING FREQUENCY 



10 100 Ik 10k 

CHOPPma FBEQUENCY (CLOCK-OUT) Hs 
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OUTPUT WITH ZERO INPUT; 
GAIN = 1000; BALANCED SOURCE 
IMPEDANCE =10K11 




ii 


1234S6789 


TIME • m« 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


OPEN LOOP GAIN AND PHASE SHIFT 



so 

ui 

^ 1 

o 

M tZ 

I 

liog 

isoS 


0^1 0.1 1 10 100 Ik 10k 

FREQUENCY Hi 
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VOLTAGE FOLLOWER LARGE SIGNAL 
PULSE RESPONSE^ 



0 0.5 1 1.5 2 2.5 


OPEN LOOP GAIN AND PHASE SHIFT 



0.01 0.1 1 10 100 Ik 10k 100k 

FREQUENCY Hz 


I 




i 
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VOLTAGE FOLLOWER LARGE SIGNAL 
PULSE RESPONSE-^ 



0 0.5 1 1.5 2 


TIME • mS 


TIME • ixS 
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* THE TWO DIFFERENT RESPONSES CORRESPOND 
TO THE TWO PHASES OF THE CLOCK. 


N-CHANNEL CLAMP CURRENT vs. P-CHANNEL CLAMP CURRENT vs. 

OUTPUT VOLTAGE OUTPUT VOLTAGE 
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DETAILED DESCRIPTION 
Amplifier 

The functional diagram shows the major elements of the 
ICL7650. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
Itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are inherently high impedance, and two 
external capacitors provide the required storage of the null¬ 
ing potentials and the necessary nulling-loop time con¬ 
stants. The nulling arrangement operates over the full com¬ 
mon-mode and power-supply ranges, and is also indepen¬ 
dent of the output level, thus giving exceptionally high 
CMRR, PSRR, and AyoL- 

Careful balancing of the input switches, and the inherent 
balance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the feedfor¬ 
ward-type injection Into the compensation capacitor, which 
is the main cause of output spikes in this type of circuit. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermddulatibn effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus Injecting sum and difference 
frequencies and causing disturbances to the gain and 
phase vs. frequency characteristics near the chopping fre¬ 
quency. These effects are substantially reduced in the 
ICL7650 by feeding the nulling circuit with a dynamic cur¬ 
rent, corresponding to the compensation capacitor current, 
in such a way as to cancel that portion of the input signal 
due to finite AC gain. Since that is the major error contribu¬ 
tion to the ICL7650, the intermodulation and gain/phase 
disturbances are held to very low values, and can generally 
be ignored. 

Capacitor Connection 

The null/storage capacitors should be connected to the 
Cexta and Cextb pins, with a common connection to the 
Cretn pin. This connection should be made directly by ei¬ 
ther a separate wire or PC trace to avoid injecting load cur¬ 
rent IR drops into the capacitive circuitry. The outside foil, 
where available, should be connected to Cretn- 


Output Clamp 

The OUTPUT CLAMP pin allows reduction of the over¬ 
load recovery time inherent with chopper-stabilized amplifi¬ 
ers. When tied to the inverting input pin, or summing junc¬ 
tion, a current path between this point and the OUTPUT pin 
occurs just before the device output saturates. Thus uncon¬ 
trolled differential input voltages are avoided, together with 
the consequent charge build-up on the correction-storage 
capacitors. The output swing is slightly reduced. 

Clock 

The ICL7650 has an internal oscillator giving a chopping 
frequency of 200Hz, available at the CLOCK OUT pin on the 
14-pin devices. Provision has also been ma de fo r the use of 
an external clock in these parts. The I NT/EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V“ to 
disable the Internal clock. The external clock signal may 
then be applied to the EXT. CLOCK IN pin. At low frequen¬ 
cies, the duty cycle of the external clock is not critical, since 
an internal divide-by-two provides the desired 50% switch¬ 
ing duty cycle. However, since the capacitors are charged 
only when EXT CLK IN is HIGH, a 50-80% positive duty 
cycle is favored for frequencies above 500Hz to ensure that 
any transients have time to settle before the capacitors are 
turned OFF. The external clock should swing between V+ 
and GROUND for power supplies up to ±6V, and between 
V+ and V+ -6V for higher supply voltages. Note that a 
signal of abou t 400Hz will be present at the EXT CLK IN pin 
with INT/EXT high or open. This is the internal clock signal 
before the divider. 

In those applications where a strobe signal is available, 
an alternate approach to avoid capacitor misbalancing dur¬ 
ing overload can be used. If a strobe signal is connected to 
EXT CLK IN so that it is low during the time that the over¬ 
load signal is applied to the amplifier, neither capacitor will 
be charged. Since the leakage at the capacitor pins is quite 
low at room temperature, the typical amplifier will drift less 
than 10|LtV/sec, and relatively long measurements can be 
made with little change In offset. 

BRIEF APPLICATION NOTES 
Component Selection 

The two required capacitors, Cexta and Cextb. have op¬ 
timum values depending on the clock or chopping frequen¬ 
cy. For the present internal clock, the correct value Is 
0.1 jtiF, and to maintain the same relationship between the 
chopping frequency and the nulling time constant this value 
should be scaled approximately in proportion if an external 
clock is used. A high-quality film-type capacitor such as my¬ 
lar is preferred, although a ceramic or other lower-grade 
capacitor may prove suitable in many applications. For 
quickest settling on initial turn-on, low dielectric absorption 
capacitors (such as polypropylene) should be used. With 
ceramic capacitors, several seconds may be required to 
settle to 1 jaV. 

static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 
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Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a par¬ 
asitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low-impedance state, resulting in 
excessive supply current. To avoid this condition, no volt¬ 
age greater than 0.3V beyond the supply rails should be 
applied to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input sig¬ 
nals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1 mA to avoid latchup, 
even under fault conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximate¬ 
ly 18kn), and therefore with loads less than this value, the 
chopper amplifier behaves in some ways like a transcon¬ 
ductance amplifier whose open-loop gain is proportional to 
load resistance. For example, the open-loop gain will be 
17dB lower with a ^kVt load than with a 10kll load. If the 
amplifier is used strictly for DC, this lower gain is of little 
consequence, since the DC gain is typically greater than 
120dB even with a 1 kfl load. However, for wideband appli¬ 
cations, the best frequency response will be achieved with a 
load resistor of 10kfl or higher. This will result In a smooth 
6dB/octave response from 0.1 Hz to 2MHz, with phase 
shifts of less than 10® in the transition region where the 
main amplifier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifi¬ 
ers are the thermo-electric or Peltier effects arising in ther¬ 
mocouple junctions of dissimilar metals, alloys, silicon, etc. 
Unless all junctions are at the same temperature, thermoe¬ 
lectric voltages typically around 0.1 jllV/“C, but up to tens of 
jaV/®C for some materials, will be generated. In order to 
realize the extremely low offset voltages that the chopper 
amplifier can provide, it is essential to take special precau¬ 
tions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
that caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi¬ 
pation should be kept to a minimum. High-impedance loads 
are preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 


Guarding 

Extra care must be taken in the assembly of printed cir¬ 
cuit boards to take full advantage of the low input currents 
of the ICL7650. Boards must be thoroughly cleaned with 
TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or sili¬ 
cone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This leak¬ 
age can be significantly reduced by using guarding to lower 
the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8-lead TO-99 package is 
accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to 
a low impedance point that is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 

The pin configuration of the 14-pin dual in-line package is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 
741 and 101A pin configuration, but corresponds to that of 
the LM108). 

Pin Compatibility 

The basic pinout of the 8-pin device corresponds, where 
possible, to that of the Industry-standard 8-pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, usually used for offset null or 
compensation capacitors, or simply not connected. In the 
case of the OP-05 and OP-07 devices, the replacement of 
the offset-null pot, connected between pins 1 and 8 and 
V+, by two capacitors from those pins to pin 5, will provide 
easy compatibinty. As for the LM108, replacement of the 
compensation capacitor between pins 1 and 8 by the two 
capacitors to pin 5 is all that is necessary. The same opera¬ 
tion, with the removal of any connection to pin 5, will suffice 
for the LM101, jliA748, and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of “NC” 
pins for guarding between the input and all other pins. Since 
this device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation ca¬ 
pacitor, some changes will be required in layout to convert it 
to the ICL7650. 
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TYPICAL APPLICATIONS 

Clearly the applications of the ICL7650 will mirror those of 
other op. amps. Anywhere that the performance of a circuit 
can be significantly improved by a reduction of input-offset 
voltage and bias current, the ICL7650 is the logical choice. 
Basic non-inverting and inverting amplifier circuits are 
shown in Figures 5 and 6. Both circuits can use the output 
clamping circuit to enhance the overload recovery perform¬ 
ance. The only limitations on the replacement of other op 
amps by the ICL7650 are the supply voltage (±8V max.) 
and the output drive capability (10kn load for full swing). 
Even these limitations can be overcome using a simple 
booster circuit, as shown in Figure 7, to enable the full out¬ 
put capabilities of the LM741 (or any other standard device) 
to be combined with the input capabilities of the ICL7650. 
The pair form a composite device, so loop gain stability, 
when the feedback network is added, should be watched 




Figure 8 shows the use of the clamp circuit to advantage 
in a zero-offset comparator. The usual problems in using a 
chopper stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow 
the input signal. The threshold input must tolerate the out¬ 
put clamp current ~ V|n/R without disturbing other portions 
of the system. 



0-VF 0-VF 



Normal logarithmic amplifiers are limited in dynamic range 
in the voltage-input mode by their input-offset voltage. The 
built-in temperature compensation and convenience fea¬ 
tures of the ICL8048 can be extended to a voltage-input 
dynamic range of close to 6 decades by using the ICL7650 
to offset-null the ICL8048, as shown in Figure 9. The same 
concept can also be used with such devices as the HA2500 
or HA2600 families of op amps to add very low offset volt¬ 
age capability to their very high slew rates and bandwidths. 
Note that these circuits will also have their DC gains, 
CMRR, and PSRR enhanced. 



FOR FURTHER APPLICATIONS ASSISTANCE, SEE A053 
AND R017 
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ICL7650S 

Super Chopper-Stabilized 
Operational Amplifier 



GENERAL DESCRIPTION 

The ICL7650S Super Chopper-Stabilized Amplifier offers 
exceptionally low input offset voltage and is extremely sta¬ 
ble with rpspect to time and temperature. It is a direct re¬ 
placement for the industry-standard ICL7650 offering 
improved input offset voltage, lower input offset voltage 
temperature coefficient, reduced input bias current, wider 
common mode voltage range and ESD protection greater 
than 2000 volts. All improvements are highlighted in bold 
italics in the Electrical Characteristics section. Critical pa- 
rameters are guaranteed over the entire commercial, 
industrial and military temperature ranges. 

Intersil’s unique CMOS chopper-stabilized amplifier cir¬ 
cuitry is user-transparent, virtually eliminating the traditional 
chopper amplifier problems of intermodulation effects, 
chopping spikes, and overrange lock-up. 

The chopper amplifier achieves its low offset by compar¬ 
ing the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external ca¬ 
pacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry Is 
entirely self-contained. However the 14-lead version In¬ 
cludes a provision for the use of an external clock. If re¬ 
quired for a particular application. In addition, the ICL7650S 
is internally compensated for unity-gain operation. 


FEATURES 

• Guaranteed Max Input Offset Voltage for All 
Temperature Ranges 

• Low Long-Term and Temperature Drifts of Input 
Offset Voltage 

• Guaranteed Max Input Bias Current—*10 pA 

• Enhanced ESD Protection > 2000V 

• Extremely Wide Common Mode Voltage Range— 

+ 3.5 to -5V 

• Reduced Supply Current—2 mA 

• Guaranteed Minimum Output Source/Sink Current 

• Extremely High Gain—150 dB 

• Extremely High CMRR and PSRR—140 dB 

• High Slew Rate—2.5V/jiis 

• Wide Bandwidth—2 MHz 

• Unity-gain Compensated 

• Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Use 

• Extremely Low Chopping Spikes at Input and Output 

• Characterized Fuiiy Over A//Temperature Ranges 

• Improved, Direct Repiacement for Industry-Standard 
ICL7650 and other Second-Source Parts 


ORDERING INFORMATION 


Part 

Temperature Range 

Package 

ICL7650SCPA-1 

O^Cto +70°C 

8-Pin Plastic 

ICL7650SCPD 


14-Pin Plastic 

ICL7650SCTV-1 


8-Pin TO-99 

ICL7650SIJA-1 

-as^cto +85“C 

8-Pin CERDIP 

ICL7650SIPA-1 


8-Pin Plastic 

ICL7650SIPD 


14-Pin Plastic 

1CL7650SIJD 


14-Pin CERDIP 

ICL7650SITV-1 


8-Pin TO-99 

ICL7650SMJD 

-SS^Cto +125“C 

14-Pin CERDIP 

ICL7650SMTV-1 


8-Pin TO-99 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 3Q210-1 .002 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V+ to V“).18V 

Input Voltage.(V+ +0.3) to (V- -0.3) 

Voltage on Oscillator Control Pins.V+ to V“ 

Duration of Output Short Circuit.Indefinite 

Current into Any Pin.10 mA 

—while operating (Note 1).100 jaA 

Continuous Total Power Dissipation (Ta = 25“C) 

CERDIP Package.500 mW 

Plastic Package.375 mW 

TO-99.250 mW 


Storage Temperature Range.-55‘’C to 150‘’C 

Lead Temperature (Soldering, 10 sec).+ 300“C 

Operating Temperature Range 

ICL7650SC.0“Cto +70“C 

ICL7650SI.-25"C to +85“C 

ICL7650SM.- 55°C to +125"C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: (V+ = +5V, V- = -5V, Ta = +25“C, Test Circuit as in Fig. 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

^OS 

Input Offset Voltage 

(Note 2) 

Ta = +25“C 


±0.7 

+ 5 

IxV 

O'C ^ Ta ^ + 70“C 


±1 

±8 

-25°C ^ Ta ^ +85^0 


±2 

±10 

-55°C ^ Ta ^ +125“C 


±4 

±20 

AVos^^T 

Average Temperature 
Coefficient of Input Offset 
Voltage (Note 2) 

O^C ^ Ta ^ + 70X 


0.02 


jaV/X 

-25°C ^ Ta ^ +85"C 


0.02 


-55^*0 ^ Ta ^ +125"C 


0.03 

0.1 

AVos/At 

Change in Input 

Offset with Time 



100 


nV/Vmonth 

fbias 

Input Bias Current 

ii(+)i.ii(-)i 

Ta = 25*C 


4 

10 

pA 

0‘’C ^ Ta ^ +70*0 


5 

20 

-25"C ^ Ta ^ +85*0 


20 

50 

-55‘’C Ta ^ +85“C 


20 

50 

+ 85*’C ^ Ta ^ +125"C 


100 

500 

hs 

Input Offset Current 

ii(-)-i(+)i 

Ta = 25‘’C 


8 

20 

pA 

0°C ^ Ta ^ +70°C 


10 

40 

-25‘’C ^ Ta ^ +85"C 


20 

40 

-55“C ^ Ta ^ +85“C 


20 

40 

+ 85°C ^ Ta ^ +125“C 


20 

50 

Rin 

Input Resistance 



1012 


a 

^VOL 

Large Signal Voltage Gain 

(Note 2) 

Rl = 10 kft,Vo = ± 4 V,Ta = 25‘’C 

135 

ISO 


dB 

OX ^ Ta ^ +70°C 

130 



~25X ^ Ta ^ +85X 

130 



-55°C^ Ta ^ +125X 

120 



VOUT 

Output Voltage Swing 
(Note 3) 

Rl = 10ka 

±4.7 

+ 4.85 


V 

Rl = 100 kn 


±4.95 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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ELECTRICAL CHARACTERISTICS (Continued) 

Test Conditions: (V+ = -f 5V, V“ = -5V, Ta = +25“C, Test Circuit as in Fig. 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

CMVR 

Common Mode Voltage Range 

(Note 2) 

Ta = 25“C 

-5 

-5.2 to+4 

+ 3.5 

V 

O^C ^ Ta ^ +70“C 

-5 


+ 3.5 

-25‘‘C ^ Ta ^ +85“C 

-5 


+ 3.5 

-55"C ^ Ta ^ +125“C 

-5 


+ 3.5 

CMRR 

Common Mode Rejection Ratio 

(Note 2) 

CMVR=-5Vto +3.5 V,Ta = 25“C 

120 

140 


dB 

0“C ^ Ta ^ +70“C 

120 



25“C ^ Ta ^ +85“C 

115 



-55°C^Ta^ +125"C 

110 



PSRR 

Power Supply Rejection Ratio 

V+, V- = ±3Vto ±8V 

120 

140 


dB 

en 

Input Noise Voltage 

Rs = 100af = DCtolOHz 


2 


f*vp-p 

in 

Input Noise Current 

f = 10Hz 


0.01 


pA/VFE 

GBW 

Gain Bandwidth Product 



2 


MHz 

SR 

Slew Rate 

Cl = 50pF, Rl= 10 kn 


2.5 


V/jiiS 

tr 

Rise Time 



0.2 


JLtS 


Overshoot 



20 


% 

v+ tov- 

Operating Supply Range 


4.5 


16 

V 

Isupp 

Supply Current 

No Load, Ta = 25'’C 


2 

3 

mA 

O^C^Ta^ +70“C 



3.2 

-25“C ^ Ta ^ +85‘*C 



3.5 

-65“C ^ Ta ^ +125‘’C 



4 

Iq source 

Output Source Current 

Ta = 25°C 

2.9 

4.5 


mA 

0"C ^ Ta ^ +70“C 

2.3 



-25°C ^ Ta +85“C 

2.2 



-55°C Ta ^ +125°C 

2 



Iq sink 

Output Sink Current 

Ta = 25X 

25 

30 


mA 

O^’C ^ Ta ^ +70°C 

20 



-25“C ^ Ta ^ +85°C 

19 



-55°C ^ Ta ^ +125“C 

17 



^ch 

Internal Chopping Frequency 

Pins 12 & 14 Open 

120 

250 

375 

Hz 


Clamp ON Current (Note 4) 

Rl = lOOkn.TA = 25“C 

25 

70 


fxA 


damp OFF Current 

(Note 4) 

-4V S Vout ^ +4V, Ta = as'C 


0.001 


nA 

0“C^Ta^+70°C 



10 

-26“C ^ Ta ^ +85'’C 



10 

-55”C^Ta^ +125“C 



15 


NOTE 1: Limiting input current to 100 juA is recommended to avoid latchup problems. Typicaiiy 1 mA is safe, however this is not guaranteed. 

2: These parameters are guaranteed by design and characterization, but not tested at temperature extremes because thermocouple effects prevent precise 
measurement of these voltages in automatic test equipment. 

3: OUTPUT CLAMP not connected. See typicai characteristic curves for output swing vs. ciamp current characteristics. 

4: See OUTPUT CLAMP under detailed description. 

5: All significant improvements over the industry-standard ICL7650 are highlighted in bold Italics. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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Figure 1: Functional Diagram 
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Output with Zero Input; 

Input Offset Voltage Change Input Offset Voltage Gain = 1000; Balanced Source 

vs. Supply Voltage vs. Chopping Frequency impedance = 10 kll 



TOTAL SUPPLY VOLTAGE - VOLTS 

CHOPPINO FR»MENCV <CLOCK-OUT) H< 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Open Loop Gain and Phase Shift 
vs. Frequency 



0089-12 


Voitage Foiiower Large Signai 
Puise Response* 
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Open Loop Gain and Phase Shift 
vs. Frequency 



Voitage Foiiower Large Signai 
Puise Response* 
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0089-14 0089-15 

*THE TWO DIFFERENT RESPONSES CORRESPOND TO THE TWO PHASES OF THE CLOCK. 


N-Channei Ciamp Current 
vs. Output Voitage 
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P-Channei Ciamp Current 
vs. Output Voltage 
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DETAILED DESCRIPTION 
Amplifier 

The functional diagram shows the major elements of the 
ICL7650S. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are inherently high impedance, and two 
external capacitors provide the required storage of the null¬ 
ing potentials and the necessary nulling-loop time con¬ 
stants. The nulling arrangement operates over the full com¬ 
mon-mode and power-supply ranges, and is also indepen¬ 
dent of the output level, thus giving exceptionally high 
CMRR, PSRR, and AyoL 

Careful balancing gf the input switches, and the inherent 
balance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the feedfor¬ 
ward-type injection into the compensation capacitor, which 
is the main cause of output spikes in this type of circuit. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the Input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and 
phase vs. frequency characteristics near the chopping fre¬ 
quency. These effects are substantially reduced in the 
ICL7650S by feeding the nulling circuit with a dynamic cur¬ 
rent, corresponding to the compensation capacitor current, 
in such a way as to cancel that portion of the input signal 
due to finite AC gain. Since that is the major error contribu¬ 
tion to the iCL7650S, the intermodulation and gain/phase 
disturbances are held to very low values, and can generally 
be ignored. 

Capacitor Connection 

The null/storage capacitors should be connected to the 
Cexta and Cextb Pins, with a common connection to the 
Cretn pin. This connection should be made directly by ei¬ 
ther a separate wire or PC trace to avoid Injecting load cur¬ 
rent IR drops into the capacitive circuitry. The outside foil, 
where available, should be connected to Cretn- 


Output Clamp 

The OUTPUT CLAMP pin allows reduction of the over¬ 
load recovery time inherent with chopper-stabilized amplifi¬ 
ers. When tied to the Inverting Input pin, or summing junc¬ 
tion, a current path between this point and the OUTPUT pin 
occurs just before the device output saturates. Thus uncon¬ 
trolled input differential inputs are avoided, together with the 
consequent charge build-up on the correction-storage ca¬ 
pacitors. The output swing is slightly reduced. 

Clock 

The ICL7650S has an internal oscillator, giving a chop¬ 
ping frequency of 200 Hz, available at the CLOCK OUT pin 
on the 14-pin devices. Provision has also been mad e for the 
use of an external clock in these parts. The INT/EXT pin 
has an internal pull-up and may be left open for normal op¬ 
eration, but to utilize an external clock this pin must be tied 
to V- to disable the internal clock. The external clock signal 
may then be applied to the EXT CLOCK IN pin. An internal 
divide-by-two provides the desired 50% input switching duty 
cycle. Since the capacitors are charged only when EXT 
CLOCK IN Is high, a 50%-80% positive duty cycle is rec¬ 
ommended, especially for higher frequencies. The external 
clock can swing between V+ and V“. The logic threshold 
will be at about 2.5V below V+. Note also that a signal of 
about 400 Hz, with a 70% duty cycle, will be present at the 
EXT CLOCK IN pin with INT/EXT high or open. This is the 
internal clock signal before being fed to the divider. 

In those applications where a strobe signal is available, 
an alternate approach to avoid capacitor misbalancing dur¬ 
ing overload can be used. If a strobe signal is connected to 
EXT CLK IN so that it is low during the time that the over¬ 
load signal is applied to the amplifier, neither capacitor will 
be charged. Since the leakage at the capacitor pins is quite 
low at room temperature, the typical amplifier will drift less 
than 10 fxW/sec, and relatively long measurements can be 
made with little change in offset. 

BRIEF APPLICATION NOTES 
Component Selection 

The two required capacitors, Cexta and Cextb. have op¬ 
timum values depending on the clock or chopping frequen¬ 
cy. For the preset Internal clock, the correct value is 0.1 juF, 
and to maintain the same relationship between the chop¬ 
ping frequency and the nulling time constant this value 
should be scaled approximately In proportion If an external 
clock is used. A high-quality film-type capacitor such as my¬ 
lar is preferred, although a ceramic or other lower-grade 
capacitor may prove suitable In many applications. For 
quickest setting on Initial turn-on, low dielectric absorption 
capacitors (such as polypropylene) should be used. With 
ceramic capacitors, several seconds may be required to 
settle to 1 juiV. 

static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 
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EXTERNAL 

CAPACITORS 


SHOULD BE LOW 
IMPEDANCE FOR 
OPTIMUM GUARDING 



Non-Inverting Amplifier 


BOARD LAYOUT FOR INPUT 
GUARDING WITH TO-99 
PACKAGE 


Figure 4: Connection of Input Guards 


Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a par¬ 
asitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low-impedance state, resulting in 
excessive supply current. To avoid this condition, no volt¬ 
age greater than 0.3V beyond the supply rails should be 
applied to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input sig¬ 
nals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1 mA to avoid latchup, 
even under fault conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximate¬ 
ly 18 kCt), and therefore with loads less than this value, the 
chopper amplifier behaves in some ways like a transcon¬ 
ductance amplifier whose open-loop gain is proportional to 
load resistance. For example, the open-loop gain will be 
17 dB lower with a 1 ka load than with a 10 ka load. If the 
amplifier is used strictly for DC, this lower gain is of little 
consequence, since the DC gain is typically greater than 
120 dB even with a 1 ka load. However, for wideband appli¬ 
cations, the best frequency response will be achieved with a 
load resistor of 10 ka or higher. This will result in a smooth 
6 dB/octave response from 0.1 Hz to 2 MHz, with phase 
shifts of less than 10“ in the transition region where the 
main amplifier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifi¬ 
ers are the thermo-electric or Peltier effects arising in ther¬ 
mocouple junctions of dissimilar metals, alloys, silicon, etc. 
Unless all junctions are at the same temperature, thermo¬ 
electric voltages typically around 0.1 jaV/“C, but up to tens 
of ]uiV/“C for some materials, will be generated. In order to 


realize the extremely low offset voltages that the chopper 
amplifier can provide, it is essential to take special precau¬ 
tions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
that caused by power-dissipating elements In the system. 
Low thermoelectric-efficient connections should be used 
where possible and power supply voltages and power dissi¬ 
pation should be kept to a minimum. High-impedance loads 
are preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 

Guarding 

Extra care must be taken in the assembly of printed cir¬ 
cuit boards to take full advantage of the low input currents 
of the ICL7650S. Boards must be thoroughly cleaned with 
TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or sili¬ 
cone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This leak¬ 
age can be significantly reduced by using guarding to lower 
the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8-lead TO-99 package is 
accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
Is a conductive ring surrounding the inputs, is connected to 
a low Impedance point that Is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 

The pin configuration of the 14-pin dual in-line package is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 
741 and 101A pin configuration, but corresponds to that of 
the LM108). 
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Pin Compatibifity 

The basic pinout of the 8-pin device corresponds, where 
possible, to that of the industry-standard 8-pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, usually used for offset null or 
compensation capacitors, or simply not connected. In the 
case of the OP-05 and OP-07 devices, the replacement of 
the offset-null pot, connected between pins 1 and 8 and 
V+, by two capacitors from those pins to pin 5, will provide 
easy compatibility. As for the LM108, replacement of the 
compensation capacitor between pins 1 and 8 by the two 
capacitors to pin 5 is ail that is necessary. The same opera¬ 
tion, with the removal of any connection to pin 5, will suffice 
for the LM101, jiiA748, and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of “NC” 
pins for guarding between the input and all other pins. Since 
this device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation ca¬ 
pacitor, some changes will be required in layout to convert it 
to the ICL7650S. 

TYPICAL APPLICATIONS 

Clearly the applications of the ICL7650S will mirror those 
of other op amps. Anywhere that the performance of a cir¬ 
cuit can be significantly improved by a reduction of input-off¬ 
set voltage and bias current, the ICL7650S is the logical 
choice. Basic non-inverting and inverting amplifier circuits 
are shown in Figures 5 and 6. Both circuits can use the 
output clamping circuit to enhance the overload recovery 
performance. The only limitations on the replacement of 
other op amps by the ICL7650S are the supply voltage 
(±8V max.) and the 6utput drive capability (10 kft load for 
full swing). Even these limitations can be overcome using a 
simple booster circuit, as shown in Figure 7, to enable the 
full output capabilities of the LM741 (or any other standard 
device) to be combined with the input capabilities of the 
ICL7650S. The pair form a composite device, so loop gain 
stability, when the feedback network is added, should be 
watched carefully. 




Figure 8 shows the use of the clamp circuit to advantage 
in a zero-offset comparator. The usual problems in using a 
chopper stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow 
the input signal. The threshold input must tolerate the out¬ 
put clamp current ~ V|n/R without disturbing other portions 
of the system. 



Normal logarithmic amplifiers are limited in dynamic range 
in the voltage-input mode by their input-offset voltage. The 
built-in temperature compensation and convenience fea¬ 
tures of the ICL8048 can be extended to a voltage-input 
dynamic range of close to 6 decades by using the ICL7650S 
to offset-null the ICL8048, as shown in Figure 9. The same 
concept can also be used with such devices as the HA2500 
or HA2600 families of op amps to add very low offset volt¬ 
age capability to their very high slew rates and bandwidths. 
Note that these circuits will also have their DC gains, 
CMRR, and PSRR enhanced. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


7-62 




FOR FURTHER APPLICATIONS ASSISTANCE, SEE A053 AND R017 
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ICL7652 

Chopper-Stabilized Low-Noise 
Operational Amplifier 



GENERAL DESCRIPTION 

The ICL7652 chopper-stabilized amplifier offers excep¬ 
tionally low input offset voltage and is extremely stable with 
respect to time and temperature. It is similar to INTERSIL’S 
ICL7650 but offers improved noise performance and a wider 
common-mode input voltage range. The bandwidth and 
slew rate are reduced slightly. 

INTERSIL’S unique CMOS chopper-stabilized amplifier 
circuitry is user-transparent, virtually eliminating the tradi¬ 
tional chopper amplifier problems of intermodulation ef¬ 
fects, chopping spikes, and overrange lock-up. 

The chopper amplifier achieves its low offset by compar¬ 
ing the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external ca¬ 
pacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry is 
entirely self-contained, however the 14-pin version includes 
a provision for the use of an external clock, if required for a 
particular application. In addition, the iCL7652 is internally 
compensated for unity-gain operation. 

An enhanced direct replacement for this part called 
ICL7652S will become available shortly and will be more 
appropriate for new designs. 


FEATURES 

• Extremely Low Input Offset Voltage — lOjuiV Over 
Temperature Range 

• Ultra Low Long-Term and Temperature Drifts of 
Input Offset Voltage (150nV/Month, lOOnV/X) 

• Low DC Input Bias Current ~ 15pA 

• Extremely High Gain, CMRR and PSRR — Min IIOdB 

• Low Input Noise Voltage — 0.2jiiVp-p (DC — 1Hz) 

• Internally Compensated for Unity-Gain Operation 

• Very Low Intermodulation Effects (Open-Loop Phase 
Shift < 2** @ Chopper Frequency) 

• Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Use 

• Extremely Low Chopping Spikes at Input and Output 


ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICL7652CPD 

O^Cto +70'’C 

14-pin plastic 

ICL7652IJD 

-25*010 +85*C 

14-pin CERDIP 

ICL7652CTV 

0*Cto +70*C 

8-pin TO-99 

ICL7652ITV 

-25*Cto +85*C 

8-pin TO-99 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302062-003 


NOTE: All typical values have been characterized but are not tested. 
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Continuous Total Power Dissipation (Ta=25‘*C) 

CERDIP Package .SOOmW 

Plastic Package. 375mW 

TO-99 . 250mW 

Storage Temperature Range.-55“C to ISO^C 

Operating Temperature Range 

ICL7652C .0"Cto+70‘’C 

ICL7652I .-25“Cto +85“C 

Lead Temperature (Soldering, 10sec) . 300“C 

NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: V + = + 5V, V~ = -5V, Ta= + 25‘’C, Test Circuit (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

Ta=+25°C 


±2 

±5 

fjiV 

Over Operating Temperature 
Range (Note 1) 


±10 


AVos 

AT 

Average Temperature Coefficient 
of Input Offset Voltage 

Operating Temperature 

Range (Note 1) 


0.1 


lxV/°C 

AVos 

AT 

Offset Voltage vs Time 



150 


nV/month 

■bias 

Input Bias Current 
(Doubles every 10°C) 

(Note 5) 

Ta=+25‘’C 


15 

30 

pA 

0“C<Ta<+70“C 


35 


-25“C<Ta<+85“C 


100 


los 

Input Offset Current 

Ta=+25"C 


25 


pA 

Rin 

Input Resistance 



1012 


a 

AvOL 

Large Signal Voltage Gain 

RL=10ka, Vout=±4V 

120 

150 


dB 

VoUT 

Output Voltage Swing (Note 3) 

RL=10ka 

±4.7 

±4.85 


V 

RL=100ka 


±4.95 


CMVR 

Common-Mode Voltage Range 


-4.3 

-4.8 to ±4.0 

3.5 

V 

CMRR 

Common-Mode Rejection Radio 

CMVR=-4.3Vto +3.5V 

110 

130 


dB 

PSRR 

Power Supply Rejection Ratio 

±3Vto ±8V 

110 

130 


dB 

©n 

Input Noise Voltage 

Rs = 100a, DC to 1Hz 


0.2 


jaVp-p 

DC to 10Hz 


0.7 


•n 

Input Noise Current 

f=10Hz 


0.01 


pA/v/Rz 

GBW 

Unity-Gain Bandwidth 



0.4 


MHz 

SR 

Slew Rate 

Cl = 50pF, RL=10ka 


0.5 


V/fxs 


Overshoot 



15 


% 

V+ toV- 

Operating Supply Range 


5.0 


16 

V 

■supply 

Supply Current 

No Load 


2.0 

3.5 

mA 

fch 

Internal Chopping Frequency 

Pins 12-14 Open (DIP) 

200 

400 

600 

Hz 


Clamp ON Current (Note 2) 

RL=100ka 

25 

100 

150 

jxA 


Clamp OFF Current (Note 2) 

-4.0V<Vout< + 4.0V 


1 


pA 


NOTES: 1. -25'’C to +85‘’C, or O'C to +70“C. 

2. See OUTPUT CLAMP under detailed description. 

3. OUTPUT CLAMP not connected. See typical characteristics curves for output swing vs clamp current characteristics. 

4. Limiting input current to 100ju-A is recommended to avoid latchup problems. Typically 1mA is safe, however this is not guaranteed. 

5. Ibias tested with clock disabled. 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V+ to V“) .18V 

Input Voltage.(V++0.3) to(V--0.3)V 

Voltage on Oscillator Control Pins . V+toV“ 

Duration of Output Short Circuit.Indefinite 

Current into Any Pin.10mA 

— while operating (Note 4).lOOjaA 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Voltage Follower Large Signal 
Pulse Response* 



-2 0 2 4 6 8 10 12 14 

TIMEOtS) 
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Voltage Follower Large Signal 
Pulse Response* 



TIME(/tS) 


Open-Loop Gain and Phase 
Shift vs Frequency 
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FREQUENCY (Hi) 
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*The two different responses correspond to the two phases of the clock. 


N-Channel Clamp Current vs 
Output Voltage 



P-Channel Clamp Current vs 
Output Voltage 



OUTPUT VOLTAGE (AV-) 


OUTPUT VOLTAGE (AV+) 


Input Offset Voltage Change vs 
Supply Voltage 



R2 

1MQ 
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Figure 3: Test Circuit 


DETAILED DESCRIPTION 

The Functional Diagram (Figure 1) shows the major ele¬ 
ments of the ICL7652. There are two amplifiers, the main 
amplifier, and the nulling amplifier. Both have offset-null ca¬ 
pability. The main amplifier is connected continuously from 


0309-17 

the input to the output. The nulling amplifier, under the con¬ 
trol of the chopping frequency oscillator and clock circuit, 
alternately nulls itself and the main amplifier. The nulling 
connections, which are MOSFET gates, are inherently high- 
impedance, and two external capacitors provide the re¬ 
quired storage of the nulling potentials and the necessary 
nulling-loop time constants. The nulling arrangement oper¬ 
ates over the full common-mode and power supply ranges, 
and is also independent of the output level, thus giving ex¬ 
ceptionally high CMRR, PSRR, and Avol- 

Careful balancing of the input switches, together with the 
inherent balance of the input circuit, minimizes chopper fre¬ 
quency charge injection at the input terminals. Feedforward- 
type Injection into the compensation capacitor is also mini¬ 
mized, which is the main cause of output spikes in this type 
of circuit. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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phase vs frequency characteristics near the chopping fre¬ 
quency. These effects are substantially reduced In the 
ICL7652 by feeding the nulling circuit with a dynamic cur¬ 
rent, corresponding to the compensation capacitor current, 
In such a way as to cancel that portion of the input signal 
due to finite AC gain. Since that is the major error contribu¬ 
tion to the ICL7652, the intermodulation and gain/phase 
disturbances are held to very low values, and can generally 
be ignored. 

Capacitor Connection 

The null-storage capacitors should be connected to the 
Cexta and Cextb Pins, with a common connection to the 
Cretn pin. This connection should be made directly by ei¬ 
ther a separate wire or PC trace to avoid injecting load cur¬ 
rent IR drops into the capacitive circuitry. The outside foil, 
where available, should be connected to Cretn- 

Output Clamp 

The OUTPUT CLAMP pin allows reduction of the over¬ 
load recovery time inherent with chopper-stabilized amplifi¬ 
ers. When tied to the inverting input pin, or summing junc¬ 
tion, a current path between this point and the OUTPUT pin 
occurs just before the device output saturates. Thus uncon¬ 
trolled differential input voltages are avoided, together with 
the consequent charge build-up on the correction-storage 
capacitors. The output swing is slightly reduced. 

Clock 

The ICL7652 has an internal oscillator, giving a chopping 
frequency of 400Hz, available at the CLOCK OUT pin on the 
14-pin devices. Provision has also been ma de fo r the use of 
an external clock in these parts. The I NT/EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V“ to 
disable the internal clock. The external clock signal may 
then be applied to the EXT CLOCK IN pin. An internal di¬ 
vide-by-two provides the desired 50% input switching duty 
cycle. Since the capacitors are charged only when EXT 
CLOCK IN is high, a 50% - 80% positive duty cycle is rec¬ 
ommended, especially for higher frequencies. The external 
clock can swing between V+ and V“. The logic threshold 
will be at about 2.5V below V+. Note also that a signal of 
about 800Hz, with a 70% duty cycle, will be present at the 
EXT CLOCK IN pin with INT/EXT high or open. This is the 
internal clock signal before being fed to the divider. 

In those applications where a strobe signal is available, 
an alternate approach to avoid capacitor misbalancing dur¬ 
ing overload can be used. If a strobe signal is connected to 
EXT CLK IN so that it is low during the time that the over¬ 
load signal is applied to the amplifier, neither capacitor will 
be charged. Since the leakage at the capacitor pins is quite 
low at room temperature, the typical amplifier will drift less 
than 10juV/sec, and relatively long measurements can be 
made with little change in offset. 

BRIEF APPLICATION NOTES 
Component Selection 

The required capacitors, Cexta £ind Cextb. are normally 
in the range of 0.1 juF to 1 .OjiaF. A 1 .OjaF capacitor should be 
used in broad bandwidth circuits if minimum clock ripple 


noise is desired. For limited bandwidth applications where 
clock ripple is filtered out, using a 0.1 juF capacitor results in 
slightly lower offset voltage. A high-quality film-type capaci¬ 
tor such as mylar is preferred, although a ceramic or other 
lower-grade capacitor may prove suitable in many applica¬ 
tions. For quickest settling on initial turn-on, low dielectric 
absorption capacitors (such as polypropylene) should be 
used. With ceramic capacitors, several seconds may be re¬ 
quired to settle to 1 jixV. 

static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics which may result in increased Input-leakage 
currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a par¬ 
asitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be trigerred into a low-impedance state, resulting in 
excessive supply current. To avoid this condition no voltage 
greater than 0.3V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab¬ 
lished either at the same time or before any input signals 
are applied. If this is not possible, the drive circuits must 
limit input current flow to under 1 mA to avoid latchup, even 
under fault conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximate¬ 
ly 18kn), and therefore, with loads less than this the chop¬ 
per amplifier behaves in some ways like a transconduct¬ 
ance amplifier whose open-loop gain is proportional to load 
resistance. For example, the open-loop gain will be 17dB 
lower with a 1 kfl load than with a lOkO load. If the amplifier 
is used strictly for DC, this lower gain is of little conse¬ 
quence, since the DC gain is typically greater than 120dB 
even with a 1 kfl load. However, for wideband applications, 
the best frequency response will be achieved with a load 
resistor of lOkn or higher. This will result in a smooth 6dB/ 
octave response from 0.1Hz to 2MHz, with phase shifts of 
less than 2“ in the transition region where the main amplifier 
takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifi¬ 
ers are the thermo-electric or Peltier effects arising in ther¬ 
mo-couple junctions of dissimilar metals, alloys, silicon, etc. 
Unless all junctions are at the same temperature, thermo¬ 
electric voltages typically around 0.1jLtV/“C, but up to tens 
of jiiV/*C for some materials, will be generated. In order to 
realize the extremely low offset voltages that the chopper 
amplifier can provide, it is essential to take special precau¬ 
tions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
that caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi¬ 
pation should be kept to a minimum. High-impedance loads 
are preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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Guarding 

Extra care must be taken in the assembly of printed cir¬ 
cuit boards to take full advantage of the low input currents 
of the ICL7652. Boards must be thoroughly cleaned with 
TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or sili¬ 
cone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This leak¬ 
age can be significantly reduced by’ using guarding to lower 
the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8 lead TO-99 package is 
accomplished by using a 10 lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to 
a low-impedance point that is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 

The pin configuration of the 14-pin dual-in-line package Is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 
741 and 101A pin configuration, but corresponds to that of 
the LM108). 


PIN COMPATIBILITY 

The basic pinout of the 8-pin device corresponds, where 
possible, to that of the industry-standard 8-pin devices, the 
LM741, LMIOI, etc. The null-storing external capacitors are 
connected to pins 1 and 8, which are usually used for off¬ 
set-null or compensation capacitors. In the case of the OP- 
05 and OP-07 devices, the replacement of the offset-null 
pot, connected between pins 1 and 8 and V+, by two ca¬ 
pacitors from those pins to pin 5, will provide easy compati¬ 
bility. As for the LM108, replacement of the compensation 
capacitor between pins 1 and 8 by the two capacitors to pin 
6 is all that is necessary. The same operation, with the re¬ 
moval of any connection to pin 5, will suffice for the LMIOI, 
jLtA748, and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of “NC” 
pins for guarding between the input and all other pins. Since 
this device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation ca¬ 
pacitor, some changes will be required in layout to convert 
to the ICL7652. 




inverting Ampiifier 



EXTERNAL 

CAPACITORS 

\0 


OUTPUT ^^ 7 8 1 


EXTERNAL 


Bottom View 

Board Layout for input Guarding 
With TO-99 Package 


Should be low impedance for optimum guarding 

Non-inverting Ampiifier 


Figure 4: Connection of Input Guards 
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TYPICAL APPLICATIONS 
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Figure 5: Non-inverting Amplifier 
with (Optional) Clamp 


Ra 
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Figure 6: Inverting Amplifier 
with (Optional) Clamp 


Clearly the applications of the ICL7652 will mirror those of 
other op-amps. Thus, anywhere that the performance of a 
circuit can be significantly improved by a reduction of input- 
offset voltage and bias current, the ICL7652 is the logical 
choice. Basic non-inverting and inverting amplifier circuits 
are shown in Figures 5 and 6. Both circuits can use the 
output clamping circuit to enhance the overload recovery 
performance. The only limitations on the replacement of 
other op-amps by the ICL7652 are the supply voltage (±8V 
max) and the output drive capability (10kfl load for full 
swing). Even these limitations can be overcome using a 
simple booster circuit, as shown in Figure 7, to enable the 
full output capabilities of the LM741 (or any other standard 
device) to be combined with the input capabilities of the 
ICL7652. The pair form a composite device, so loop gain 
stability, when the feedback network is added, should be 
watched carefully. 


^fllMuH^DIL 



Figure 8 shows the use of the clamp circuit to advantage 
In a zero-offset comparator. The usual problems in using a 
chopper-stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow 
the input signal. The threshold input must tolerate the out¬ 
put clamp current ~ Vin/R without disturbing other portions 
of the system. 



0309-26 

Figure 8: Low Offset Comparator 


It is possible to use the ICL7652 to offset-null such high 
slew raie and bandwidth amplifiers as the HA2500 and 
HA2600 series, as shown in Figure 9. The same basic idea 
can be used with low-noise bipolar devices, such as the OP- 
05, and also with the ICL8048 logarithmic amplifier, to 
achieve a voltage-input dynamic range of close to 6 dec¬ 
ades. Note that these circuits will also have their DC gains, 
CMRR and PSRR enhanced. More details on these and 
other ideas are explained in application note A053. 

Mixing the ICL7652 with circuits operating at ± 15V sup¬ 
plies requires the provision of a lower voltage. Although this 
can be done fairly easily, a highly efficient voltage divider 
can be built using the ICL7660 voltage converter circuit 
“backwards”. A suitable connection is shown in Figure 10. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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TYPICAL APPLICATIONS (Continued) 
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HA2500/10/20 

HA2600/20 

OR SIMILAR DEVICE 

Figure 9: HA2500 or HA2600 Offset-Nulled 
by ICL7652 
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Figure 10: Splitting + 15V with ICL7660 
at >95% efficiency. Same for - 15V 


For further applications assistance, see A053 and R017 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


7-71 









ICL7652S 


ICL7652S 

Super Chopper-Stabilized Low- 
Noise Operational Amplifier 



GENERAL DESCRIPTION 

The ICL7652S Super Chopper-Stabilized Low-Noise Am¬ 
plifier offers exceptionally low input offset voltage and is 
extremely stable with respect to time and temperature. It is 
a direct replacement for the industry-standard ICL7652 of¬ 
fering Improved input offset voltage, lower input offset 
voltage temperature coefficient, reduced \npuX bias current, 
wide common mode voltage range, and ESD protection 
greater than 2000 volts. All improvements are highlighted in 
bold Italics in the Electrical Characteristics Section. Crit¬ 
ical parameters are guaranteed over the entire com¬ 
mercial, Industrial, and military temperature range. 

Intersil’s unique CMOS chopper-stabilized amplifier cir¬ 
cuitry is user-transparent, virtually eliminating the traditional 
chopper amplifier problems of intermodulation effects, 
chopping spikes, and overrange lock-up. 

The chopper amplifier achieves its low offset by compar¬ 
ing the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external ca¬ 
pacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry Is 
entirely self-contained, however the 14-lead version In¬ 
cludes a provision for the use of an external clock, if re¬ 
quired for a particular application. In addition, the ICL7652S 
is Internally compensated for unity-gain operation. 


FEATURES 

• Guaranteed Max Input Offset Voltage for AH 
Temperature Ranges 

• Low Long-Term and Temperature Drifts of Input 
Offset Voltage 

• Reduced Input Bias Current—3 pA Typ; 30 pA Max 
over Temperature 

• Enhanced ESD Protection > 2000V 

• Extremely Wide Common Mode Voltage Range— 

+ 3.5 to -4.3 Volts 

• Reduced Subpii Current—1.7 mA; 3.5 mA Max over 
mil Temperature 

• Guaranteed Minimum Output Source/Sink Current 

• Extremely High Gain -150 dB 

• Low Input Noise Voltage—0.2 juVp-p (DC-1 Hz) 

• Unity-Gain Compensated 

• Very Low Intermodulation Effects (Open-Loop Phase 
Shift <T\x@ Chopper Frequency) 

• Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Use (14-Lead only) 

• Extremely Low Chopping Spikes at Input and Output 

• Characterized Fully Over Military Temperature Range 

• Improved Direct Replacement for Industry-Standard 
IC7652 and other Second-Source Parts 


ORDERING INFORMATION 


Part 

Temperature 

Range 

Package 

ICL7652SCPD 

O^Cto +70*C 

14-Pin Plastic 

ICL7652SCJD 


14-Pin CERDIP 

ICL7652SCTV 


8-Pin TO-99 

ICL7652SIJD 

-25*Cto +85*0 

14-Pin CERDIP 

ICL7652SITV 


8-Pin TO-99 

ICL7652SIPD 


14-Pin Plastic 

ICL7652SMJD 

-55"Cto +125'’C 

14-Pin CERDIP 

ICL7652SMTV 


8-Pin TO-99 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302*1 62-002 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V+ to V“).18V 

Input Voltage.(V+ + 0.3) to (V- - 0.3) 

Voltage on Oscillator Control Pins.V+ to V“ 

Duration of Output Short Circuit.Indefinite 

Current into Any Pin.10 mA 

—While Operating (Note 1).100 julA 

Continuous Total Power Dissipation (Ta = 25®C) 

CERDIP Package.500 mW 

Plastic Package.375 mW 

TO-99.250 mW 


Storage Temperature Range.-55“C to + ISO^C 

Lead Temperature (Soldering, 10 sec).+300“C 

Operating Temperature Range 

ICL7652SC.0“Cto -f70“C 

ICL7652SI.-25"Cto +85“C 

ICL7652SM.-55“C to + 125"C 


NOTE; Stresses above those fisted under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: V+ = +5V, V~ = -5V, Ta = +25'’C, Test Circuit as in Figure 3 (unless otherwise specified) 


— 

Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

Ta = +25"C 


±0.7 

±5 

,xV 

O^C ^ Ta ^ +70*0 


±2 

±7 

-25‘’C ^ Ta ^ +85"C 


±3 

±10 

-55"C^Ta^ +125"C 


±15 

±50 

Ak'os/Ar 

Average Temp. Coefficient 
of Input Offset Voltage (Note 2) 

0“C ^ Ta ^ +70*C 


0.01 

0.06 

|LlV/*C 

-25"C ^ Ta ^ +85"C 


0.02 

0.07 

-55"C ^ Ta ^ +85'’C 


0.02 

0.07 

-85“C^Ta^ +125“C 


0.4 

1.0 

-55'’C ^ Ta ^ +125‘‘C 


0.1 

0.4 

AVos/At 

Change in Input Offset 
with Time 



150 


nV/Vmonth 

Iblas 

Input Bias Current 

|i(+)Ui(-)l 

Ta = 25“C 


3 

30 

pA 

0“C ^ Ta ^ +70“C 



30 

-25*C ^ Ta ^ +85“C 



30 

-55“C ^ Ta ^ +85^ 



30 

+ 85‘’C^Ta^ +125‘*C 



500 

hs 

Input Offset Current 

Ik-) - i(+)i 

Ta = 25‘’C 


15 

40 

pA 

O^C ^ Ta ^ +70*0 



40 

-25“C ^ Ta ^ +85°C 



40 

-55°C ^ Ta ^ +85“C 



40 

+ 85“C ^ Ta ^ +125‘‘C 



75 

Rlfsi 

Input Resistance 



1012 


a 

AyoL 

Large Signal Voltage Gain 

(Note 2) 

RL = 10 Ka, Vo = ±4V, Ta = 25“C 

135 

150 


dB 

0“C ^ Ta ^ +70“C 

130 



-25“C ^ Ta ^ +85“C 

130 



-55“C ^ Ta ^ +125'‘C 

120 



VOUT 

Output Voltage Swing (Note 3) 

RL = 10 Ka 

±4.7 

±4.85 


V 

RL = 100 Ka 


±4.95 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

Test Conditions: V+ = +5V, V~ = -5V, Ta = +25°C, Test Circuit (unless otherwise specified) (Continued) 



Symbol 


Test Conditions 


CMRR 

Common Mode Rejection Ratio 

CMVR = -4.3V to +3.5,Ta = 25‘’C 


(Note 2) 

O^C ^ Ta ^ +70*C 


-25*0 ^ Ta ^ H-SS^C 

-55*C^Ta^ +125*0 

PSRR 

Power Supply Rejection Ratio 

V+,V- = ±3Vto ±8V 


(Note 2) 

0*0 ^ Ta ^ +70*0 



-25*0 ^ Ta ^ +85*0 



-55*0 ^Ta^ +125*0 



V+ toV- 

Isupp 


Input Noise Current 


Gain Bandwidth 


Slew Rate 


Overshoot _ 

Operating Supply Range 


CL = 50pF,RL= 10 Kn 



Supply Current 

No Load Ta = 25*0 


0*0 < Ta < 70*0 

-25*0 < Ta < 85*0 

-55*0 < Ta < 125*0 

Output Source Ourrent 

Ta = 25*0 


0*0 < Ta < 70*0 

-25*0 < Ta < 85*0 

-55*0 < Ta < 125*0 

Output Sink Ourrent 

Ta = 25*0 


0*0 < Ta < 70*0 


-25*0 < Ta < 85*0 


-55*0 < Ta < 125*0 

Internal Chopping Frequency 

Pins 12 & 14 Open (dip) 

Clamp ON Current (Note 4) 

RL = 100 Kn, Ta = 25*0 

Clamp OFF Current (Note 4) 

-4.0V < VouT < +4.0V, Ta = 25*0 


0*0 ^ Ta ^ +70*0 


-25*0 ^ Ta ^ +85*0 


-55*0 :^Ta^ +125*0 



NOTE 1: Limiting input current to 100 jmA is recommended to avoid latchup problems. Typically 1 mA is safe, however this is not guaranteed. 

2: These parameters are guaranteed by design and characterization, but not tested at temperature extremes because thermocouple effects 
measurement of these voltages in automatic test equipment. 

3: OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs clamp current characteristics. 

4: See OUTPUT CLAMP under detailed description. 

5: All significant improvements over the industry-standard ICL7652 are highlighted in bold Italics. 


prevent precise 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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Figure 1: Functional Diagram 




Figure 2: Pin Configuration 






NOTE: AH typical values have been characterized but are not tested. 
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5 TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Clock Ripple Referred to the 
Input vs Temperature 
1000 — 


25 50 75 100 125 150 

TEMPERATURE (*0) 


Broadband Noise Balanced 
Source Impedance = 1 kn 
Gain = 1000 Cext ~ 


Broadband Noise Balanced 
Source Impedance = 1 ka 
Gain = 1000 Cext =1-0 /jlF 



3 4 5 6 7 8 

TIME (ms) 


Voltage Follower Large Signal 
Pulse Response* 


iBnsami 


i 

■ 

■ 

■in 

■ifli 

■ 

■ 

■ 

■ 

■ 

■ 

iriin 
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TIME(mS) 


Voltage Follower Large Signal 
Pulse Response* 
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TIMECmS) 


Open-Loop Gain and Phase 
Shift vs Frequency 
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*THE TWO DIFFERENT RESPONSES CORRESPOND TO THE TWO PHASES OF THE CLOCK. 

N-Channel Clamp Current vs P-Channei Clamp Current vs 

Output Voltage Output Voltage 

r ' T" "] •“ | " " 1 " ■■ ]. ^ 

I 10/tA ^ = = = S IO/ 4 A — 

i 1/iA = = = :^ = — = =zz=: | = = = i= t z= = z:;= = 

I lOOnA =—^ = = = = = — I lOOnA = = = = = = = 

!5 10nA = = ^ = = = = 3 lOnA = = ? = = = = = = = 

O =^ = = = = = = = O =3^== = = = = = 

-j 1nA —^ — - — iu 1nA — 

I lOOpA ^ = = = = I lOOpA 

s lOpA p = = = = = = = = g lOpA £E~EEEEEEE 


0.8 0.6 0.4 0.2 

OUTPUT VOLTAGE (AV-) 


0 -0.8 -0.6 -0.4 -0.2 0 

OUTPUT VOLTAGE (AV+) 


input Offset Voltage Change vs 
Supply Voltage 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE (V) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 

The Functional Diagram (Figure 1) shows the major ele¬ 
ments of the ICL7652S. There are two amplifiers, the main 
amplifier, and the nulling amplifier. Both have offset-null ca¬ 
pability. The main amplifier is connected continuously from 
the input to the output. The nulling amplifier, under the con¬ 
trol of the chopping frequency oscillator and clock circuit, 
alternately nulls itself and the main amplifier. The nulling 
connections, which are MOSFET gates, are inherently high- 
impedance, and two external capacitors provide the re¬ 
quired storage of the nulling potentials and the necessary 
nulling-loop time constants. The nulling arrangement oper¬ 
ates over the full common-mode and power supply ranges, 
and is also independent of the output level, thus giving ex¬ 
ceptionally high CMRR, PSRR, and AyoL- 

Careful balancing of the input switches, together with the 
Inherent balance of the input circuit, minimizes chopper fre¬ 
quency charge injection at the input terminals. Feedforward- 
type injection into the compensation capacitor is also mini¬ 
mized, which is the main cause of output spikes in this type 
of circuit. 

Intermodulation 


Output Clamp 

The OUTPUT CLAMP pin allows reduction of the over¬ 
load recovery time inherent with chopper-stabilized amplifi¬ 
ers. When tied to the inverting input pin, or summing junc¬ 
tion, a current path between this point and the OUTPUT pin 
occurs just before the device output saturates. Thus uncon¬ 
trolled differential input voltages are avoided, together with 
the consequent charge build-up on the correction-storage 
capacitors. The output swing is slightly reduced. 

Clock 

The ICL7652S has an internal oscillator, giving a chop¬ 
ping frequency of 400 Hz, available at the CLOCK OUT pin 
on the 14-pin devices. Provision has also been mad e for the 
use of an external clock In these parts. The I NT/EXT pin 
has an internal pull-up and may be left open for normal op¬ 
eration, but to utilize an external clock this pin must be tied 
to V- to disable the internal clock. The external clock signal 
may then be applied to the EXT CLOCK IN pin. An internal 
divide-by-two provides the desired 50% input switching duty 
cycle. Since the capacitors are charged only when EXT 
CLOCK IN Is high, a 50%-80% positive duty cycle is recom¬ 
mended, especially for higher frequencies. The external 
clock can swing between V+ and V~. The logic threshold 
will be at about 2.5V below V+. Note also that a signal of 
about 800 Hz, with a 70% duty cycle, will be present at the 
EXT CLOCK IN pin with INT/EXT high or open. This Is the 
internal clock signal before being fed to the divider. 

In those applications where a strobe signal is available, 
an alternate approach to avoid capacitor misbalancing dur¬ 
ing overload can be used. If a strobe signal is connected to 
EXT CLK IN so that it is low during the time that the over¬ 
load signal Is applied to the amplifier, neither capacitor will 
be charged. Since the leakage at the capacitor pins is quite 
low at room temperature, the typical amplifier will drift less 
than 10 jaV/sec , and relatively long measurements can be 
made with little change In offset. 



Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which Is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and 
phase vs frequency characteristics near the chopping fre¬ 
quency. These effects are substantially reduced in the 
ICL7652S by feeding the nulling circuit with a dynamic cur¬ 
rent, corresponding to the compensation capacitor current, 
in such a way as to cancel that portion of the Input signal 
due to finite AC gain. Since that is the major error contribu¬ 
tion to the ICL7652S, the intermodulation and gain/phase 
disturbances are held to very low values, and can generally 
be Ignored. 

Capacitor Connection 

The null-storage capacitors should be connected to the 
Cexta and Cextb pins, with a common connection to the 
Cretn pin. This connection should be made directly by ei¬ 
ther a separate wire or PC trace to avoid injecting load cur¬ 
rent IR drops Into the capacitive circuitry. The outside foil, 
where available, should be connected to Cretn- 


BRIEF APPLICATION NOTES 

Component Selection 

The required capacitors, Cexta and Cextb. are normally 
In the range of 0.1 juiF to 1.0 jaF. A 1.0 ju,F capacitor should 
be used in broad bandwidth circuits if minimum clock ripple 
noise is desired. For limited bandwidth applications where 
clock ripple is filtered out, using a 0.1 juF capacitor results In 
slightly lower offset voltage. A high-quality film-type capaci¬ 
tor such as mylar is preferred, although a ceramic or other 
lower-grade capacitor may prove suitable in many applica¬ 
tions. For quickest setting on initial turn-on, low dielectric 
absorption capacitors (such as polypropylene) should be 
used. With ceramic capacitors, several seconds may be re¬ 
quired to settle to 1 juV. 

static Protection 

All device pins are static-protected by the use of Input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics which may result in Increased Input-leakage 
currents. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a par¬ 
asitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low-impedance state, resulting In 
excessive supply current. To avoid this condition no voltage 
greater than 0.3V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab¬ 
lished either at the same time or before any input signals 
are applied. If this Is not possible, the drive circuits must 
limit input current flow to under 1 mA to avoid latchup, even 
under fault conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximate¬ 
ly 18 kft), and therefore, with loads less than this the chop¬ 
per amplifier behaves in some ways like a transconduct¬ 
ance amplifier whose open-loop gain is proportional to load 
resistance. For example, the open-loop gain will be 17 dB 
lower with a 1 kft load than with a 10 kn load. If the amplifi¬ 
er Is used strictly for DC, this lower gain is of little conse¬ 
quence, since the DC gain is typically greater than 120 dB 
even with a 1 kft load. However, for wideband applications, 
the best frequency response will be achieved with a load 
resistor of 10 kft or higher. This will result in a smooth 
6 dB/octave response from 0.1 Hz to 2 MHz, with phase 
shifts of less than 2“ in the transition region where the main 
amplifier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifiers 
are the thermo-electric or Peltier effects arising in thermo¬ 
couple junctions of dissimilar metals, alloys, silicon etc. Un¬ 
less ail junctions are at the same temperature, thermo-elec¬ 
tric voltages typically around 0.1 jaV/®C, but up to tens of 
jaV/®C for some materials, will be generated. In order to 
realize the extremely low offset voltages that the chopper 
amplifier can provide, it Is essential to take special precau¬ 
tions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
that caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi¬ 
pation should be kept to a minimum. High-impedance loads 
are preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 



Guarding 

Extra care must be taken in the assembly of printed cir¬ 
cuit boards to take full advantage of the low input currents 
of the ICL7652S. Boards must be thoroughly cleaned with 
TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or sili¬ 
cone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This leak¬ 
age can be significantly reduced by using guarding to lower 
the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8 lead TO-99 package is 
accomplished by using a 10 lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to 
a low-impedance point that is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 

The pin configuration of the 14-pin dual-in-line package is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 
741 and 101A pin configuration, but corresponds to that of 
the LM108). 

PIN COMPATIBILITY 

The basic pinout of the 8-pin device corresponds, where 
possible, to that of the industry-standard 8-pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, which are usually used for off¬ 
set-null or compensation capacitors. In the case of the 
OP-05 and OP-07 devices, the replacement of the offset- 
null pot, connected between pins 1 and 8 and V+, by two 
capacitors from those pins to pin 5, will provide easy com¬ 
patibility. As for the LM108, replacement of the compensa¬ 
tion capacitor between pins 1 and 8 by the two capacitors to 
pin 5 is all that is necessary. The same operation, with the 
removal of any connection to pin 5, will suffice for the 
LM101, fxA 748, and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of “NC” 
pins for guarding between the input and all other pins. Since 
this device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation ca¬ 
pacitor, some changes will be required in layout to convert 
to the ICL7652S. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


A/OTB AH typical values have been characterized but are not tested. 
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ICL7652S>-4-0 output 
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Should be low impedance for optimum guarding 

Non-Inverting Ampiifier 
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CAPACITORS 
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GAURD 
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Board Layout for Input Guarding 
with TO-99 Package 


Figure 4: Connection of Input Guards 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL APPLICATIONS 



R 3 + (R 1 //R 2 ) ^ 100 kft 
For Full Clamp Effect 

Figure 5: Non-Inverting Amplifier 
with Optional Clamp 



0087-24 


(R 1 //R 2 ) ^ 100 kn 
For Full Clamp Effect 

Figure 6: Inverting Amplifier 
with Optional Clamp 


Clearly the applications of the ICL7652S will mirror those 
of other op-amps. Thus, anywhere that the performance of 
a circuit can be significantly improved by a reduction of in¬ 
put-offset voltage and bias current, the ICL7652S is the logi¬ 
cal choice. Basic non-inverting and inverting amplifier cir¬ 
cuits are shown in Figures 5 and 6 . Both circuits can use the 
output clamping circuit to enhance the overload recovery 
performance. The only limitations on the replacement of 
other op-amps by the ICL7652S are the supply voltage 
(+ 8 V max) and the output drive capability (10 kn load for 
full swing). Even these limitations can be overcome using a 
simple booster circuit, as shown in Figure 7, to enable the 
full output capabilities of the LM741 (or any other standard 
device) to be combined with the input capabilities of the 
ICL7652S. The pair form a composite device, so loop gain 
stability, when the feedback network is added, should be 
watched carefully. 



Figure 7: Using 741 to Boost Output 
Drive Capabiiity 


Figure 8 shows the use of the clamp circuit to advantage 
In a zero-offset comparator. The usual problems In using a 
chopper-stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow 
the input signal. The threshold input must tolerate the out¬ 
put clamp current ~ V|n/R without disturbing other portions 
of the system. 



It is possible to use the ICL7652S to offset-null such high 
slew rate and bandwidth amplifiers as the HA2500 and 
HA2600 series, as shown in Figure 9. The same basic Idea 
can be used with low-noise bipolar devices, such as the OP- 
05, and also with the ICL8048 logarithmic amplifier, to 
achieve a voltage-input dynamic range of close to 6 dec¬ 
ades. Note that these circuits will also have their DC gains, 
CMRR and PSRR enhanced. More details on these and 
other ideas are explained in application note A053. 

Mixing the ICL7652S with circuits operating at ± 15V sup¬ 
plies requires the provision of a lower voltage. Although this 
can be done fairly easily, a highly efficient voltage divider 
can be built using the ICL7660S voltage converter circuit 
“backwards”. A suitable connection is shown in Figure 10. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
the warranty shall be EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL APPLICATIONS (Contir^sd) 



HA2500/10/20 
HA2600/20 
or Similar Device 

Figure 9: HA2500 or HA2600 
Offset-Nulled by ICL7652S 


FOR FURTHER APPLICATIONS ASSISTANCE, SEE A053 
AND R017. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ICL8007 

JFET Input Operational Amplifier 



GENERAL DESCRIPTION FEATURES 


The Intersil ICL8007 Is a low input current JFET input 
operational amplifier. The ICL8007A is selected for 4 pA 
max input current. 

The devices are designed for use in very high input im¬ 
pedance applications. Because of their high slew rate, high 
common mode voltage range and absence of “latch-up”, 
they are ideal for use as a voltage follower. 

The Intersil 8007 and 8007A are short circuit protected. 
They require no external components for frequency com¬ 
pensation because the internal 6 dB/roll-off Insures stability 
in closed loop applications. A unique bootstrap circuit in¬ 
sures unusually good common mode rejection for a JFET 
input op-amp and prevents large input currents as seen in 
some amplifiers at high common mode voltage. 


• Ultra Low Input Current 

• High Slew Rate — SV/jns 

• Wide Input Common Mode Voltage 

• 1MHz Band Width 

• Excellent Stability 

• Ideal for Unity Gain Applications 




INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.±18V 

Power Dissipation (Note 1) .SOOmW 

Differential Input Voltage .±30V 

Input Voltage (Note 2).± 15V 

Storage Temperature Range.-65Xto +150‘’C 


Operating Temperature Range 

8007M, 8007AM .- 55*C to +125*0 

8007C,8007AC .0*0 to+70*0 

Lead Temperature (Soldering, 10sec) . 300*0 

Output Short-Oircuit Duration (Note 3) .Indefinite 


NOTES: 


1. Rating applies for case temperatures to 125‘’C; derate linearly at 6.5 mW/‘*C for ambient temperatures above +75'*C. 

2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to + 125‘’C case temperature or +75“C ambient temperature. 

4. For Design only, not 100% tested. 

NOTE: Stresses above those listed under ’’Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Vs = ± 15V unless otherwise specified) 






— 
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Characteristics 

Test Conditions 

8007M 

8007C 

8007AC 


Units 



Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


The foiiowing specifications appiy for Ta=25*C: 

Input Offset Voltage 

Rs:^100kn 


10 

20 


20 

50 


15 

30 

mV 

Input Offset Current 



0.5 



0.5 



0.2 


pA 

Input Bias Current (either input) 



2.0 

20 


3.0 

50 


0.5 

4.0 

pA 

Input Resistance 



106 



106 



106 


Mn 

Input Capacitance 



2.0 



2.0 



2.0 


PF 

Large Signal Voltage Gain 

RL^2kft. VoUT=±10V 

50,000 



20,000 



20,000 



V/V 

Output Resistance 



75 



75 



75 


n 

Output Short-Circuit Current 



25 



25 



25 


mA 

Supply Current 



3.4 

5.2 


3.4 

6.0 


3.4 

6.0 

mA 

Power Consumption 



102 

156 


102 

180 


102 

180 

mW 

Slew Rate 



6.0 



6.0 


2.5 

6.0 


V/jms 

Unity Gain Bandwidth 



1.0 



1.0 



1.0 


MHz 

Risetime 

Cl^IOOpF. RL=2kn 


300 



300 



300 


ns 

Overshoot 

Cl^IOOpF, RL=2kn 


10 



10 



10 


% 

The foiiowing specifications appiy for 0 *C^Ta^ +70*C (8007C and 8007AC), and - 

-55*C^Ta^ + 125*C (8007M and 

8007AM): 












Input Voltage Range 


±10 

±12 


±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 


70 

90 


70 

90 


86 

95 


dB 

Supply Voltage Rejection Ratio 



70 

300 


70 

600 


70 

o 

o 

CM 

fxV/V 

Large Signal Voltage Gain 


25,000 



15,000 



15,000 



V/V 

Output Voltage Swing 

Rt^lOkn 

±12 

±14 


±12 

±14 


±12 

±14 


V 


RL^2kn 

±10 

±13 


±10 

±13 


±10 

±13 


V 

Input Bias Current (either Input) 

Ta=+125*C 


2.0 






1.0 


nA 


Ta=+70*C 





50 



30 


pA 


(Note 4) 

■ 

■ 

75 

■ 

■ 


■ 

■ 


juiV/*C 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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Figure 3: Transient Response Test Circuit | 


TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN LOOP VOLTAGE GAIN 



1 TO TOO Ik 10k 100k 1M 10M 
FREQUENCY (Hj) 
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VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 
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INPUT BIAS CURRENT AS A 
FUNCTION OF TEMPERATURE 
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OUTPUT VOLTAGE SWING AS A 
FUNCTION OF FREQUENCY 
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OUTPUT SWING AS A FUNCTION 
OF SUPPLY VOLTAGE 
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ICL8021/ICL8023 


ICLi3021/ICL8023 

Low Power Bipolar Operational 
Amplifier 



GENERAL DESCRIPTION 

The Intersil ICL8021 series are low power operational am¬ 
plifiers specifically designed for applications requiring very 
low standby power consumption over a wide range of sup¬ 
ply voltages. The electrical characteristics of the 8021 se¬ 
ries can be tailored to a particular application by adjusting 
an external resistor, Rset. which controls the quiescent cur¬ 
rent. This is advantageous because Iq can be made inde¬ 
pendent of the supply voltages: it can be set to an extreme¬ 
ly low value where power is critical, or to a larger value for 
high slew rate or wideband applications. 

Other features of the 8021 series include low input cur¬ 
rent that remains constant with temperature, low noise, high 
input impedance, internal compensation and pin-for-pin 
compatibility with the 741. 

The Intersil 8023 consists of three low power operational 
amplifiers in a single 16-pin DIP. Each amplifier is identical 
to an 8021 low power op amp, and has separate connec¬ 
tions for adjusting its electrical characteristics by means of 
an external resistor, Rset. which controls the quiescent cur¬ 
rent of that amplifier. 


ORDERING INFORMATION 


ICL8021 C TY 


Package 

TY — 70-99 Metal Can 
PA — 8-pin Minidip 


8021 only 


JE - 16-pin CERDIP 
PE — 16-pin Plastic DIP 


8023 only 


Temperature 

C — Commercial — (0®C to +70**C) 
M - Military - (-55»C to +125‘»C) 

Basic Part Number 
8021 — Single 
8023 - Triple 


0311-20 


FEATURES 

• Vos=3mV Max (Adjustable to Zero) 

• ± 1.5V to ± 18V Power Supply Operation 

• Power Consumption •— ZOjuW @ ± 1V 

• Input Bias Current — 30nA Max 

• Internal Compensation 

• Pin-For-PIn Compatible With 741 

• Short Circuit Protected 


Part 

Number 

Temperature 

Range 

Package 

ICL8021CJA 

ICL8021CBA 

ICL8021CPA 

ICL8021CTY 

ICL8021MJA 

ICL8021MTY* 

0°Cto70"C 

0°C to 70‘’C 

0 “C to 70^ 
0°Cto70“C 
-55“Cto +125“C 
-55"Cto +125‘’C 

8 Lead CERDIP 

8 Lead S.O.I.C 

8 Lead MINIDIP 

8 Lead Metal Can 

8 Lead CERDIP 

8 Lead Metal Can 

ICL8023CJE 

ICL8023CPE 

ICL8023MJE* 

O'^C to 70"C 

0°C to 70“C 
-55°Cto +125“C 

16 Lead CERDIP 

16 Lead MINIDIP 

16 Lead CERDIP 


♦Add /88313 to Part Number if 883B processing is required. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.±18V Operating Temperature Range 

Differential Input Voltage (Note 1) .±15V 8021M/8023M.- SS^C to +125“C 

Common Mode Input Voltage (Note 1) .± 15V 8021C/8023C.O^C to + 70“C 

Output Short Circuit Duration .Indefinite Storage Temperature Range.-65“Cto H-ISO^C 

Power Dissipation (Note 2) . 300mW Lead Temperature (Soldering, lOsec) .+300‘’C 

NOTE 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

NOTE 2: Rating applies for case temperatures to + 125'’C: derate linearly at 5.6 mW/°C for ambient temperatures above +95‘’C. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absoiute 
maximum rating conditions for extended periods may affect device reliability. 
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Figure 3: Voltage Offset Null Circuit | 


ELECTRICAL CHARACTERISTICS (Vsupply = ±6V, lQ=30juiA, unless otherwise specified.) 


Characteristics 

Test Conditions 

8021M 

8021C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

The following specifications apply for Ta= 25X: | 

Input Offset Voltage 

Rs^iookn 


2 

3 


2 

6 

mV 

Input Offset Current 



0.5 



0.7 

10 

nA 

Input Bias Current 



5 

20 


— 

30 

nA 

Input Resistance 


3 

10 





Mn 

Input Voltage Range 

Vsupply = ±15V 

±12 

±13 





V 

Common Mode Rejection Ratio 

Rs^lOkft 

70 




80 


dB 

Supply Voltage Rejection Ratio 

Rs^ioka 


30 

150 


30 

150 

jiiV/V 

Output Resistance 

open Loop 


2 



2 


kn 

Output Voltage Swing 

RL^20kn, Vsupply” ii5V 

±12 



±12 

±14 


V 

Rl^ i0kfi, Vsupply “ ±15V 

±11 




±13 


■■ 

Output Short-Circuit Current 



±13 



±13 


mA 

Power Consumption 

VouT = 0 


360 

480 


360 

600 

jnW 

Slew Rate (Unity Gain) 



0.16 



0.16 


V/jaS 

Unity Gain Bandwidth 

RL = 20ka V|N = 20mV 


270 



270 


kHz 

Transient Response (Unity Gain) 
Risetime 

Overshoot 

RL = 20ka V|N = 20mV 

■ 

1.3 

10 

■ 

■ 

1.3 

10 

■ 

flS 

% 

Specifications Applicable over Iemperature | 

-55”C^Ta^ + 125*C 

0‘‘C^Ta^+70*C 


Input Offset Voltage 

Rs ^10kft 


2.0 




wm 

mV 

Input Offset Current 


1.0 



mm 

15 

nA 

Input Bias Current 



10 



15 

50 

nA 

Average Temperature 

Coefficient of Input 

Offset Voltage 

Rs^lOkn 


5 

■ 

■ 

5 

■ 

jaVrC 

Average Temperature 

Coefficient of Input 

Offset Current 



1.7 

■ 

■ 


■ 

pA/"C 

Large Signal Voltage Gain 

RL=10kft 

50 

200 



B33I 


V/mV 

Output Voltage Swing 

RL^IOkft 

±10 

±13 


BQ 

EEI 


V 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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ICL8021/ICL8023 


QUIESCENT CURRENT ADJUSTMENT 


QUIESCENT CURRENT SETTING RESISTOR 
(PIN 8 to V-) 


Vs 

Iq 

lOjuiA 

SOjiiA 

lOOjaA 

SOOjuiA 

±1.5 

1.5Mft 

470ka 

150kn 

- 

±3 

3.3Mn 

I.IMn 

330kn 

lOOkft 

±6 

7.5Ma 

2.7Mn 

750kn 

220kn 

±9 

13Mn 

4Mn 

i.3Ma 

350kn 

±12 

18Mn 

5.6Mn 

i.5Mn 

510kn 

±15 

22Mn 

7.5Mn 

2.2Mn 

620kn 


QUIESCENT CURRENT SETTING RESISTOR 
(PIN 8 to V-) 



SUPPLY VOLTAGE l-V) 


TYPICAL PERFORMANCE CHARACTERISTICS* 


(Ta= +25“C, Vs= ±6 V, lQ = 30jaA unless otherwise specified.) 


INPUT BIAS CURRENT VS 
QUIESCENT CURRENT 



QUIESCENT CURRENT {nA\ 


INPUT BIAS CURRENT VS 
AMBIENT TEMPERATURE 



-60 - 20 0 20 60 100 140 


TEMPERATURE ( C> 


0311-8 


0311-9 


DIFFERENTIAL INPUT IMPEDANCE 
VS QUIESCENT CURRENT 



QUIESCENT CURRENT (pA) 

0311-10 
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TYPICAL PERFORMANCE CHARACTERISTICS* 

(Ta= +25®C, Vs= ±6 V, lQ=30jaA unless otherwise specified.) (Continued) 


SLEW RATE VS 
QUIESCENT CURRENT 


QUIESCENT CURRENT («<A) 


FREQUENCY RESPONSE VS 
QUIESCENT CURRENT 



■liii 

mini 

ill 

■nil 

iiiiiies 

ill 

■II!! 

mini 

III 

■Sill 

iiiiiniii 

■nil 

mini 

III 

■nil 

lllll■■lll 


QUIESCENT CURRENT (mA) 


PHASE MARGIN VS 
QUIESCENT CURRENT 


l■IIIIIIIEKCa| 
l■lllllllSSIll 

iRaillllllHHil 

liiHiiiiiiL:!::. 

niiiiiiiiHMil 

!l!!!!l!jBMl| 


QUIESCENT CURRENT (|«A) 

0311-13 


OPEN-LOOP FREQUENCY 
RESPONSE 


TRANSIENT RESPONSE 



liluyuM 

liiivlEyuSSlHB 


0 4 8 12 16 

TIME (^iiec) 


MAXIMUM LOAD VS 
QUIESCENT CURRENT 


30 100 300 

QUIESCENT CURRENT 


OUTPUT VOLTAGE SWING VS 
SUPPLY VOLTAGE 



EQUIVALENT INPUT NOISE 
VOLTAGE VS FREQUENCY 


0311-17 

♦ICL8021C guaranteed only for O^C^Ta^ +70“C 


t lo-IOOjiA I 


50 100 500 Ik 

FREQUENCY «H»» 


EQUIVALENT INPUT NOISE 
CURRENT VS FREQUENCY 



50 100 500 tk 

FREQUENCY(HD 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ICL8043 

Dual JFET Input Operational 
Amplifier 




GENERAL DESCRIPTION 

The ICL8043 contains two FET input op amps, each simi¬ 
lar In performance to the ICL8007. The inputs and outputs 
are fully short circuit protected, and no latch-up problems 
exist. Offset nulling is accomplished by using a single pot 
(for each amplifier) connected to the positive supply volt¬ 
age. The devices have excellent common mode rejection. 

ORDERING INFORMATION 


FEATURES 

• Very Low Input Current — 2pA Typical 

• High Slew Rate — GV/jms 

• Internal Frequency Compensation 

• Low Power Dissipation ^ 135mW Typical 

• Monolithic Construction 


Part Number 

Temperature 

Range 

Package 

ICL8043MJE 

-55*Cto125*C 

CERAMIC 

16 Pin DIP 

ICL8043CJE 

0“Cto70‘‘C 

CERAMIC 

16 Pin DIP 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.±18V 

Internal Power Dissipation (Note 1) . 500mW 

Differential Input Voltage .±30V 

Input Voltage (Note 2). ±15V 

Voltage between Offset Null and V+ .±0.5V 

Storage Temperature Range.-65^*0 to +150^*0 


Operating Temperature Range 

8043M ..-55“Cto +125X 

8043C .o^cto+yo^c 

Lead Temperature (Soldering, 10sec) . 300®C 

Output Short-Circuit Duration.Indefinite 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTES: 1. Rating applies for case temperatures to 125*0; derate linearly at 9mW/*C for ambient temperatures above +95*0. 
2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


ELECTRICAL CHARACTERISTICS (Vsupply= ± 15V unless otherwise specified) 


Symbol 

Characteristic 

Test Conditions 

8043M 

8043C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

The following specifications apply for 25°C: 

Vos 

Input Offset Voltage 

Rs<iooka 


10 

20 


20 

50 

mV 

los 

Input Offset Current 



0.5 



0.5 


pA 

l|N 

Input Current (either input) 



2.0 

20 


3.0 

50 

pA 

Rin 

Input Resistance 



106 



106 


Ma 

C|N 

Input Capacitance 



2.0 



2.0 


PF 

Av 

Large Signal Voltage Gain 

RL>2kft,Vout=±10V 

50,000 



20,000 



V/V 

Ro 

Output Resistance 



75 



75 


a 

•sc 

Output Short-Circuit Current 



25 



25 


mA 

ISUPPLY 

Supply Current (Total) 



4.5 

6 


4.5 

6.8 

mA 

PdISS 

Power Consumption 



135 

180 


135 

204 

mW 

SR 

Slew Rate 



6.0 



6.0 


V/jas 

GBW 

Unity Gain Bandwidth 



1.0 



1.0 


MHz 

tr 

Transient Response (Unity Gain) 
Risetime 

Overshoot 

Cl<100pF, RL=2kn 


300 

10 



300 

10 


ns 

% 

The following specifications apply for 0 °C<Ta< + 70°C (8043C), -55“C<Ta< + 125'’C (8043M): 

AV,n 

Input Voltage Range 


±10 

±12 


±10 

±12 


V 

CMRR 

Common Mode Rejection Ratio 

70 

90 


70 

90 


dB 

PSRR 

Supply Voltage Rejection Ratio 


70 

300 


70 

600 

JLlV/V 

Av 

Large Signal Voltage Gain 


25,000 



15,000 



V/V 

AVo 

Output Voltage Swing 

RL>10ka 

Ri>2m 

±12 

±14 


±12 

±14 


V 

±10 

±13 


±10 

±13 


V 

Vos 

Input Offset Voltage 



15 

30 


30 

60 

mV 

•in 

Input Current (either input) 

Ta=+125"C 

Ta=+70“C 


2.0 

15 




nA 





50 

175 

pA 

AVos/AT 

Average Temperature Coefficient 
of Input Offset Voltage 

(Note 3) 


75 



75 


jaV/'>C 


NOTE: 3. For Design only, not 100% tested. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


TOTAL QUIESCENT SUPPLY 
CURRENT AS A FUNCTION OF 
TEMPERATURE 


INPUT NOISE VOLTAGE AS A 
FUNCTION OF FREQUENCY 



■llllSlNaaiaMaiiHiaB 


100 Ik 10k 
FREQUENCY (Hz) 


0312-13 


0312-12 


WIDEBAND NOISE AS A FUNCTION 
OF SOURCE RESISTANCE 



SOURCE RESISTANCE (fi) 


0312-14 



Figure 3: Offset Voltage Null Circuit 


CHANNEL SEPARATION 

Channel separation or crosstalk is measured using the 
circuit of Figure 4. One amplifier is driven so that its output 
swings ±10V; the signal amplitude seen in the other ampli¬ 
fier (referred to the input) is then measured. Typical per¬ 
formance is shown in Figure 5. 

Channel Separation = 20 log 
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APPLICATIONS 

Applications for any dual amplifier fall into two categories. 
There are those which use the two-in-one package concept 
simply to save circuit-board space and cost, but more inter¬ 
esting are those circuits where the two sides of the dual are 
used to complement one another in a subsystem applica¬ 
tion. The circuits which follow have been selected on this 
basis. 

AUTOMATIC OFFSET SUPPRESSION 
CIRCUIT 

The circuit shown in Figure 6 uses one amplifier (Ai) as a 
normal gain stage, while the other (A 2 ) forms part of an 
offset voltage zeroing loop. There are two modes of opera¬ 
tion which occur sequentially. First, an offset null correction 
mode occurs during which the offset voltage of Ai is nulled 



out. Following this nulling operation, A-j is used as a normal 
amplifier while the voltage necessary to zero its offset volt¬ 
age is stored on the integrator comprised of A 2 and Ci. 

The advantage of this circuit is that it allows chopper am¬ 
plifier performance to be achieved at one-tenth the cost. 
The only limitation is that during the offset nulling mode, Ai 
is disconnected from the input. However, in most data ac¬ 
quisition systems, many inputs are scanned sequentially. It 
is fairly simple to synchronize the offset nulling operation so 
that it does not occur when that particular amplifier Is being 
“looked at”. For the component values shown jn Figure 3, 
and assuming a total leakage of 50pA at the inverting input 
of A 2 , the offset voltage referred to the input of Ai will drift 
away from zero at only 40juLV/sec. Thus, the offset nulling 
Information stored on Ci can be “refreshed” relatively infre¬ 
quently. The measured offset voltage of Ai during the am¬ 
plification mode was 11 juV; offset voltage drift with temper¬ 
ature was less than 0.1 ix\//°C. 




+5V +15V 



Figure 6(b) 
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STAIRCASE GENERATOR 

The circuit shown in Figure 7 is a high input impedance 
version of the so-called “diode pump” or staircase genera¬ 
tor. Note that charge transfer takes place at the negative¬ 
going edge of the input-signal. 

The most common application for staircase generators is 
in low cost counters. By resetting the capacitor when the 
output reaches a predetermined level, the circuit may be 
made to count reliably up to a maximum of about 10. A 
straightforward circuit using a LM311 for the level detector, 
and a CMOS analog gate to discharge the capacitor, is 
shown in Figure 8. An Important property of this type of 
counter is the ease with which the count can be changed; it 
is only necessary to change the voltage at which the com¬ 
parator trips. A low cost A-D converter can also be de¬ 
signed using the same principle since the digital count be¬ 
tween reset periods is directly proportional to the analog 
voltage used as a reference for the comparator. 

A considerable amount of hysteresis is used in the com¬ 
parator shown in Figure 8. This ensures that the capacitor is 
completely discharged during the reset period. In a more 
sophisticated circuit, a dual comparator “window detector” 
could be used, the lower trip point set close to ground to 


assure complete discharge. The upper trip point could then 
be adjusted independently to determine the pulse count. 

SAMPLE & HOLD CIRCUIT 

Two important properties of the 8043 are used to advan¬ 
tage in this circuit. The low input bias currents give rise to 
slow output decay rates (“droop”) in the hold mode, while 
the high slew rate (6V/jas) improves the tracking speed and 
the response time of the circuit. See Figure 6. 

The ability of the circuit to track fast moving inputs is 
shown in Figure 10A. The upper waveform is the input 
(1 OV/div), the lower waveform the output (5V/div). The log¬ 
ic input is high. 

Actual sample and hold waveforms are shown in Figure 
10B. The center waveform is the analog input, a ramp mov¬ 
ing at about 67V/ms, the lower waveform is the logic input 
to the sample & hold; a logic “1” initiates the sample mode. 
The upper waveform is the output, displaced by about 1 
scope division (2V) from the input to avoid superimposing 
traces. The hold mode, during which the output remains 
constant, is clearly visible. At the beginning of a sample 
period, the output takes about 8jLts to catch up with the 
input, after which it tracks until the next hold period. 
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Figure 9: Sample And Hold Circuit 



TOP: INPUT (10V/DIV) 
BOTTOM: OUTPUT (5V/DIV) 
HORIZONTAL: 10juis/DIV 
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Figure 10A 
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INSTRUMENTATION AMPLIFIER 

A dual JFET-input operational amplifier is an attractive 
component around which to build an instrumentation ampli¬ 
fier because of the high input resistance. The circuit shown 
in Figure 11 uses the popular triple op-amp approach. The 
output amplifier is a High Speed 741 (741 HS, slew rate 
guaranteed ^0.7V/jLts) so that the high slew rate of the 
8043 is utilized to the full extent. Input resistance of the 
circuit (either input, regardless of gain configuration) is in 
excess of 1012 ohms. 

For the component values shown, the overall amplifier 

gain is 200 (front end gain = — , back end 

R2 

gain, = R6/R4)- 

Common mode rejection is largely determined by the 
matching between R 4 and R 5 , and Re and Ry. In applica¬ 
tions where offset nulling is required, a single potentiometer 
can be connected as shown in Figure 12. 

Another popular circuit is given in Figure 13. In this case 
the gain is I + R 1 /R 2 , and the CMRR determined by the 
match between Ri and R 4 , R 2 and R 3 . 

For more information on FET input operational amplifiers, 
see Intersil Application Bulletin A005 “The 8007: A High 
Performance FET-input Operational Amplifier.” 
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Figure 12: Offset Nulling Both Amplifiers With 
One Potentiometer 
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ICL8063 

Power Transistor Driver/Amplifier 



GENERAL DESCRIPTION 

The ICL8063 is a unique monolithic power transistor driv¬ 
er and amplifier that allows construction of minimum chip 
power amplifier systems. It includes built in safe operating 
area circuitry, short circuit protection and voltage regulators, 
and is primarily intended for driving complementary output 
stages. 

Designed to operate with all varieties of operational am¬ 
plifiers and other functions, two external power transistors, 
and 8 to 10 passive components, the iCL8063 is ideal for 
use in such applications as linear and rotary actuator driv¬ 
ers, stepper motor drivers, servo motor drivers, power sup¬ 
plies, power DACs and electronically controlled orifices. 

The ICL8063 takes the output levels (typically ±11V) 
from an op amp and boosts them to ±30V to drive power 
transistors, (e.g. 2N3055 (NPN) and 2N3789 (PNP)). The 
outputs from the ICL8063 supply up to 100mA to the base 
leads of the external power transistors. 

The amplifier-driver contains internal positive and nega¬ 
tive regulators, to power an op amp or other device; thus, 
only ± 30V supplies are needed for a complete power amp. 


FEATURES 

• Converts ± 12V Outputs From Op Amps and Other 
Linear Devices to ± 30V Leveis 

• When Used in Conjunction With Generai-Purpose Op 
Amps and Externai Compiementary Power 
Transistors, System Can Deiiver>50 Watts to 
Externai Loads 

• Built-in Safe Area Protection and Short-Circuit 
Protection 

• Produces 25mA Quiescent Current in Power Output 
Stage 

• Built-in ± 13V Reguiators to Power Op Amps or 
Other Externai Functions 

• 500kn input impedance With Rbias= 

ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

ICL8063MJE 

-55*Cto +125*0 

OERDIP 

ICL8063CJE 

0*0 to +70*0 

OERDIP 

ICL8063CPE 

0*0 to +70*0 

PLASTIO DIP 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.±35V 

Power Dissipation. 500mW 

Input Voltage (Note 1).±30V 

Regulator Output Currents .10mA 

Operating Temperature Range 

ICL8063MJE.- 55"C to +125*C 

ICL8063CPE.0°Cto +70*0 

ICL8063CJE .0“Cto+70“C 

Storage Temperature Range.-GS^Cto-f 150“C 

Lead Temperature (Soldering, lOsec) . 300®C 

ELECTRICAL CHARACTERISTICS (Ta=25'C:Vsupply=±30V) 


Symbol 

Characteristic 

Test Conditions 

Min/Max Limits 

Units 

ICL8063M 

iCL8063C 

-55X 

+ 25X 

+ 125X 

OX 

+ 25X 

+ 70X 

Vos 

Max. Offset Voltage 

See Figure 3 

160 

50 

50 


75 


mV 

•oh 

Min. Positive Drive 

Current 

See Figure 4 

50 

50 

50 


40 


mA 

•OQ 

Max. Positive Output 
Quiescent Current 

See Figure 5 

500 

250 

250 


300 


jbtA 

•OL 

Min. Negative Drive 

Current 

See Figure 4 

25 

25 

25 


20 


mA 

•ql 

Max. Negative Output 
Quiescent Current 

See Figure 6 

500 

250 

250 


300 


jaA 

Vreg 

Regulator Output Voltages 
Range 


±13.7 

±1.2V 

±13.7 

±1.0V 

±13.7 

±1.5V 

±13.7 

±1.0V 

±13.7 

±1.0V 

±13.7 

±1.0V 

V 

•reg 

Regulator Output Current 

(See Note 2) 

10 

10 



10 


mA 

Z|N 

A.C. Input Impedance 

See Figure 8 


400 

(Typ) 



400 

(Typ) 


ka 

VSUPPLY 

Power Supply Range 


±5to ±35V 

V 

•q 

Power Supply 

Quiescent Currents 


10 

6 

6 


7 


mA 

Av 

Range of Voltage Gain 

See Figure 9 

V|N = 8Vp-p 

6±2 

6±2 

6±2 


6±2 


V/V 

VoUT(MIN) 

Minimum Output Swing 

See Figure 9; Increase 
V|N until Vqut flattens 

±27 

±27 

±27 


±27 


V 

•bias 

Input Bias Current 

See Figure 10 

100 

100 

100 


100 


jaA 


NOTES: 1. For supply voltages less than ±30V the absolute maximum input voltage is equal to the supply voltage. 
2. Care should be taken to ensure that maximum power dissipation is not exceeded. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 
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TEST CIRCUITS 
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Figure 10: input Bias Current Measurement 


APPLICATIONS INFORMATION 

One problem faced almost every day by circuit designers 
is how to interface the low voltage, low current outputs of 
linear and digital devices to that of power transistors and 
darlingtons. 

For example, a low level op amp has a typical output 
voltage range of ± 6 to ±12V, and output current usually on 
the order of about 5 milliamperes. A power transistor with a 
±35 volt supply, a collector current of 5 amperes, and a 
beta, or gain of 100 needs at least 50 milliamperes of drive. 

In the past, connecting two transistors with widely dissimi¬ 
lar requirements meant that a rather ornate discrete circuit 
had to be built to convert the weak output signals from the 
first into levels large enough to drive the second. However, 
in addition to converting voltage and current, it was also 
necessary to include a number of protection circuits to 
guard against damage from shorts, for example, and all this 
design work was both tedious and expensive. 

The ICL8063 provides a solution to these problems, it’s a 
monolithic power transistor driver and power transistor am¬ 
plifier circuit on the same chip, has all the necessary safe 
operating area circuitry and short circuit protection, and has 
on-chip ±13V voltage regulators to eliminate the need for 
extra external power supplies. 


Using the ICL8063 to make a complete 
Power Amplifier 

As Figure 11 shows, using the iCL8063 allows the circuit 
designer to build a power amplifier block capable of deliver¬ 
ing ±2 amperes at ±25 volts (50 watts) to any load, with 
only three additional discrete devices and 8 passive compo¬ 
nents. Moreover, the circuit draws only about ± 30 milliam¬ 
peres of quiescent current from either of the ±30V power 
supplies. A similar design using discrete components would 
require anywhere from 50 to 100 components. 

Slew rate is about the same as that of a 741 op amp, 
approximately IV/jits. Input current, voltage offset, CMRR 
and PSRR are also the same. Use of 1,000 picofarad com¬ 
pensation capacitors (three in this configuration) allows 
good stability down to unity gain non-inverting (the worst 
case). This circuit will drive a lOOOpF Cl to Gnd, or in other 
words, the circuit can drive 30 feet of RG-58 coaxial cable 
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As Figure 12 indicates, setting up a current limiting (safe 
area) protection circuit is straightforward. The 0.4 ohm, 5 
watt resistors set the maximum current one can get out of 
the output. The equation this SOA circuit follows Is: for 
Vqut positive, 

Vbe= (VouT+ IlR3-0.7V) 


for Vqut negative. 


IlRs- 


R 2 

Ri ■*" R 2 


(Vqut) 


Vbe = lLR3- 


R 2 


Ri R2"I" R 4 

R 2 


(Vqut+I2R3 +0-7) 


IlR3 


Ri R 2 '^ R4 


(Vqut) 


Solving these equations we get the following: 


Vqut 

1 

II @ 25X 

II @ 125X 

24V 

1mA 

3 amps 

2.4 amps 

20V 

830/jlA 

2.8 amps 


16V 

670jULA 

2.6 amps 


12V 

SOOjuiA 

2.4 amps 

1.8 amps 

8V 

333|uiA 

2.1 amps 


4V 

167jLiA 

1.9 amps 


OV 

Oja A 

1.7 amps 

1,1 amps 


As this table indicates, maximum power delivered to a 
load is obtained when Vqut ^ 24V. 


Often design requirements necessitate an unsymmetrical 
output current capability. In that case, instead of the 0.4 
ohm resistors protecting the npn and pnp output stages, as 
shown in Figure 11, simply substitute any other value. For 
example, if up to 3 amps are required when VouT^ + 24V 
and only 1 amp out when Vout^“ 24V, use a 0.4 ohm 
resistor between pin 8 and pin 9 on the ICL8063 and a 1 
ohm, 2 watt resistor between pin 7 and pin 8. Maximum 
output current versus VouT for varying values of protection 
resistors are as follows: 


VoUT 

0.4n @ 25X 

0.68ft @ 25°C 

1ft @ 25“C 

24V 

12V 

OV 

3 amps 

2.4 amps 

1.7 amps 

1.7 amps 

1.4 amps 

1.0 amps 

1.2 amps 

0.9 amps 

0.7 amps 


The biasing resistors located between pin 13 and pin 14 
and between pin 2 and pin 4 are typically Imll for 
VsuppLY= ±30V, which guarantees adequate performance 
In such applications as DC motor drivers, power DACs, pro¬ 
grammable power supplies and line drivers (with ± 30 volt 
supplies). The table that follows shows the proper value for 
Rbias for optimum output current capability with supply volt¬ 
ages between ± 5V and ± 30V. 


1 + 

< 

0 

0 

Rbias 

30V 

1 Mft 

25V 

680kft 

20V 

500kft 

15V 

300kft 

10V 

150kft 

5V 

62kft 


If 30V and 1 Mfl are used, performance curves appear as 
shown in Figure 13. 
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When buying external power transistors, careful attention 
should be paid to beta values. For 2N3055 and 2N3789 
transistors used in this circuit, beta should be no more than 
150 max at lc=20mA and Vce=30V. This beta value sets 
the quiescent current at less than 30mA when not delivering 
power to a load. 

The design in Figure 11 will tolerate a short circuit to 
ground indefinitely, provided adequate heat sinking is used. 

However If Vqut's shunted to ±30V the output transis¬ 
tors (2N3055 and 2N3789) will be destroyed, but since the 
safe operating area for these devices is 4 amps at 30 volts, 
the problem does not occur for Vsupp= ± 15V. 

A typical bode plot of the power amplifier system open- 
loop frequency-response is shown In Figure 14. Referring to 
Figure 8, the schematic for this bode plot is shown In Figure 
14 . 

Designing A Simple Function Generator 

Using a variation of the fundamental power amplifier 
building block described in the previous section, the 


ICL8063 can be used in the design of a simple, low cost 
function generator (Figure 16). It will supply sine waves, tri¬ 
angular waves and square waves from 2 hertz to 20 kilo¬ 
hertz. This complete test instrument can be plugged into a 
standard 110V AC line for power. Vqut will be up to ±25V 
(50V p-p) across loads as small as 10 ohms (about 2.5 
amps maximum output current). 

Capacitor working voltages should be greater than 50V 
DC and all resistors should be unless otherwise indi¬ 
cated. The interconnecting leads from the 741 pins 2 and 3 
to their respective resistors should be kept short, less than 
2 inches if possible; longer leads may result in oscillation. 

Full output swing is possible to about 5kHz; after that the 
output begins to taper off due to the slew rate of the 741, 
until at 20kHz the output swing will be about 20Vpp (± 10V). 
This problem can be remedied by simply using an op amp 
with a higher slew rate, such as the LF356. 
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Building a Constant Current Motor Drive 
Circuit 

The constant current motor drive configuration shown in 
Figure 17 is an extremely simple circuit to construct using 
the ICL8063. This minimum device circuit can be used to 
drive DC motors where there is some likelihood of stalling or 
lock up; If the motor locks, the current drive remains con¬ 
stant and the system does not destroy itself. Using this ap¬ 
proach two 6V batteries are sufficient for good perform¬ 
ance. A 10 volt input will produce one amp of output current 
to drive the motor, and if the motor is stalled, Iqut remains 
at 1 amp. 

For example, suppose it Is necessary to drive a 24V DC 
motor with 1 amp of drive current. First make Vsupply et 
least 6 volts more than the motor being driven (in this case 
30 volts). Next select Rbias according to Vsupply ^rom the 
data sheet, which indicates Rbias = Mil. Then choose Ri, 
R 2 , and Ra for optimum sensitivity. That means making 
Ra=in to minimize the voltage drop across Ra (the drop 
will be 1 ampxl ohm or 1 volt). If 1 amp/volt sensitivity is 
desirable let R 2 = Ri = 10kft to minimize feedback current 
error. Then a ±1V Input voltage will produce a +1 amp 
current through the motor. 


Capacitors should be at least 50 volts working voltage 
and all resistors I^W, except for those valued at 0.4 ohms. 
Power across Ra = I x V = 1 ampx 1 volt= 1 watt, so at least 
a 2 watt value should be used. Use large heat sinks for the 
2N3055 and 2N3791 power transistors. A Delta NC-641 or 
the equivalent is appropriate. Use a thermal compound 
when mounting the transistor to the heat sink. (See Intersil 
ICH8510 data sheet for further information). 
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Building A Low Cost 50 Watt per Channel 
Audio Amplifier 

For about $20 per channel, it is possible to build a high 
fidelity amplifier using the iCL8063 to drive 8 ohm speakers. 
A channel is defined here as all amplification between turn¬ 
table or tape output and power output. (Figure 18) 

The input 741 stage is a preamplifier with R.I.A.A. equali¬ 
zation for records. Following the first 741 stage is a lOkH 
control pot, whose wiper arm feeds into the power amplifier 
stage consisting of a second 741, the ICL8063 and the 
power transistors. To achieve good listening results, selec¬ 
tion of proper resistance values In the power amplifier stage 
is important. Best listening is to be found at a gain value of 6 
[(5kn + 1kft/1kfl = 6)]. 3 Is a practical minimum, since the 
first stage 741 preamp puts out only ±10 volt maximum 
signals, and if maximum power is necessary this value must 
be multiplied by 3 to get ±30 volt levels at the output of the 
power amp stage. 


Each channel delivers about 56 volts p-p across an 8 
ohm speaker and this converts to 50 watts RMS power. 
This is derived as follows: 

Power , Vrms= ^"^ =20V. (20V)2 = 400V2 

8 ohms 2.82 

400V2 

.’. Power-=50 watts RMS Power. 

8 ohms 

Distortion will be <0.1% up to about 100Hz, and then it 
increases as the frequency increases, reaching about 1 % at 
20kHz. 

The ganged switch at the input is for either disc playing or 
FM, either from an FM tuner or a tape amplifier. Assuming 
DC coupling on the outputs, there is no need for a DC refer¬ 
ence to ground (resistor) for FM position. To clear the signal 
in the FM position, place a 51knresistor to ground as 
shown In Figure 18 (from FM input position to ground). 
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Note: Intersil offers a hybrid power amplifier similar to that shown in Figure 11. See ICH8610/8520/8530 data sheet for details. 
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LM4250 

Programmable Operational 
Amplifier 



GENERAL DESCRIPTION 

The 4250 is an extremely versatile programmable mono¬ 
lithic operational amplifier. A single external master bias 
current setting resistor programs the input bias current, in¬ 
put offset current, quiescent power consumption, slew rate, 
input noise, and the gain-bandwidth product. 

The 4250C is guaranteed over a 0^*0 to 70“C temperature 
range. 

RESISTOR BIASING 


Set Current Setting Resistor to V~ 


ISET 

Vs 


0.5 jaA 

1.0 /xA 

5 juiA 


±1.5V 

25.6 Mft 

5.04 Mn 

2.5 Mn 

492 ka 

244 ka 

±3.0V 

55.6 Mn 

11.0 Mft 

5.5 Ma 

1.09 Ma 

544 ka 

±6.0V 

116Mft 

23.0 Md 

11.5 Ma 

2.29 Ma 

1.14Ma 

±9.0V 

176 Mn 

35.0 Mil 

17.5 Ma 

3.49 Ma 

1.74 Ma 

± 12.0V 

236 MH 

47.0 Mft 

23.5 Ma 

4.69 Ma 

2.34 Ma 

± 1.50V 

296 Mn 

59.0 Ma 

29.5 Ma 




FEATURES 

• ± IV to ± 18V Power Supply Operation 

• 3 nA Input Offset Current 

• Standby Power Consumption as Low as 500 nW 

• No Frequency Compensation Required 

• Programmable Electrical Characteristics 

• Offset Voltage Nulling Capability 

• Can be Powered by Two Flashlight Batteries 

• Short Circuit Protection 


ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 


0“Cto +70‘*C 

8 Lead MINIDIP 


0*0 to +70"C 

8 Lead CERDIP 

LM4250 CH 

0"Cto +70‘’C 

TO-99 CAN 

LM4250 J 

-55“C 10+125-0 


LM4250 H 

-55-Cto +125-C 

TO-99 CAN 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.±18V 

Power Dissipation (Note 1).500 mW 

Differential Input Voltage.± 30V 

Input Voltage (Note 2).± 15V 

ISET Current.150 jmA 

Operating Temperature Range 

LM4250C.0“Cto +70“C 

LM4250.-55"Cto +125*0 


Output Short Circuit Duration.Indefinite 

Storage Temperature Range.-65*0 to +150*0 

Lead Temperature (Soldering, 10 sec.).+300*0 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 



0108-1 

Figure 2: Pin Configurations 


ELECTRICAL CHARACTERISTICS (0 *C^Ta^ +70*0 unless otherwise specified) 


Parameters 

Conditions 

Vs = ±1.5V 

•set = 1 /aA 

iSET = 10 ju-A 

Min 

Max 


Max 

Vos 

Ta = 25*c, Rs ^ 100 kn 


5 mV 


6 mV 

•os 

Ta = 25*c 


6 nA 


20 nA 

•bias 

Ta = 25*c 


10 nA 


75 nA 

Large Signal Voltage Gain 

Ta = 25*C, Rl = 100 kn 

Vo = + 0.6V, Rl = 10 kn 

25k 


25k 


Supply Current 

Ta = 25*C 


8 jllA 


90 juiA 

Power Consumption 

Ta = 25*c 


24 jLtW 


270 jbtW 

Vos 

Rs ^ 10kn 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

•bias 



10 nA 


80 nA 

Input Voltage Range 


+ 0.6V 


±0.6V 


Large Signal Voltage Gain 

Vo = +o.6V,Rl = lookn 

Rl = 10 kn 

25k 


25k 


Output Voltage Swing 

Rl = 100 kn 

Rl = 10 kn 

±0.6V 


±0.6V 


Common Mode Rejection Ratio 

Rs ^ 10 kn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rs ^ 10 kn 

74 dB 


74 dB 


Supply Current 



8 jitA 


90 juA 

Power Consumption 



24 |ulW 


270 jaW 
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ELECTRICAL CHARACTERISTICS (0*C ^ Ta ^ +70*C unless otherwise specified) (Continued) 


Parameters 


Vs=±15V 

■set = 1 

'set = 10 /aA 


Max 

Min 


Vos 

Ta = 25*C, Rs ^ 100 kn 


5 mV 


6 mV 

•os 

Ta = 25‘‘C 


6 nA 



•bias 

Ta = 25‘‘C 


10 nA 


75 nA 

Large Signal Voltage Gain 

Ta = 26‘’C, Rl = 100 kft 

Vo = ± 0.6V, Rl == 10 m 



60k 

mil 

Supply Current 

Ta = 25^c 


11 iiA 



Power Consumption 

Ta = 25^ 


330 jaW 



Vos 

Rs ^ 10 kfl 





•os 






•bias 



10 nA 


80 nA 

Input Voltage Range 


± 13.5V 



mHH 

Large Signal Voltage Gain 

Vo= ±iov,Rl = 100 ka 

Rl = 10 ka 

50k 




Output Voltage Swing 

Rl = 100 ka 

Rl = 10ka 

±12V 


^9 

BH 

Common Mode Rejection Ratio 

Rs 10 ka 



70 dB 

mHH 

Supply Voltage Rejection Ratio 

Rs ^ 10 ka 



74 dB 

'mHH 

Supply Current 



11 jliA 



Power Consumption 



300 jaW 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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LM4250 


ELECTRICAL CHARACTERISTICS (-55°C^Ta^ +125*^0 unless otherwise specified) 


Parameters 

Conditions 

Vs = ±1.5V 

ISET = 1 

iSET = 10 M-A 

Min 



Max 

Vos 

Ta = 25*C, Rs ^ 100 kft 


6 mV 


6 mV 

los 

Ta = 


6 nA 


20 nA 

Ibias 

Ta = 25‘*C 


10 nA 



Large Signal Voltage Gain 

Ta = 25‘’C,Rl = lookn 

Vo= ±o.6V,Rl= 10 kn 

25k 


25k 


Supply Current 

Ta = 25‘’C 


8 julA 


90 jaA 

Power Consumption 

Ta = 25‘’C 


24 jaW 


270 mW 

Vos 

Rs ^ 10 kft 




7.5 mV 

•os 



8 nA 



•bias 





80 nA 

Input Voltage Range 


±0.6V 


±0.6V 


Large Signal Voltage Gain 

Vo= ±0.5V, Rl= 100 kft 

Rl = 10 kft 

25k 


25k 


Output Voltage Swing 

Rl= 100 kft 

Rl = 10 kft 

±0.6V 


±0.6V 


Common Mode Rejection Ratio 

Rs ^10 kft 



70 dB 


Supply Voltage Rejection Ratio 

Rs 10 kft 

65 dB 


65 dB 


Supply Current 



8 jliA 



Power Consumption 



24 jbtW 





INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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LM4250 


@fll^!nngi^OIL 


LM4250 

ELECTRICAL CHARACTERISTICS (O^’C ^ Ta ^ + 125*^0 unless otherwise specified) (Continued) 


Parameters 

Conditions 

Vs = ±15V 

ISET = 1 mA 

iSET = 10 fiA 


Max 

Min 

Max 

Vos 

Ta = 25 "C, Rs ^ 100 kn 


6 mV 


6 mV 

•os 

Ta = 25 *C 




20 nA 

I bias 

Ta = 25 *'C 





Large Signal Voltage Gain 

Ta = 25 *c, Rl = 100 kn 
Vo= ±o. 6 V,Rl= 10 kn 

60k 




Supply Current 

Ta = 25 *c 


11 


100 jliA 

Power Consumption 

Ta = 25 "C 


330 jaW 



Vos 

Rs ^ 10 kn 


7.5 mV 


7.5 mV 

■os 



8nA 


25 nA 

Ibias 



10 nA 


80 nA 

Input Voltage Range 


± 13.5V 


± 13.5V 


Large Signal Voltage Gain 

Vo = ±iov.Rl = 100 kn 

Rl = 10 kn 

50k 


50k 


Output Voltage Swing 

Rl = 100 kn 

Rl = 10 kn 

±12V 


±12V 


Common Mode Rejection Ratio 

Rs ^ 10 kn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rs ^ 10kn 

74 dB 


74 dB 


Supply Current 



11 jmA 


100 julA 

Power Consumption 



300 jLtW 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Section 8 — Analog Switches 


D123.8-1 

D125.8-1 

D129.8-5 

DG123.8-7 

DG125.8-7 

DG126.8-11 

DG129.8-11 

DG133.8-11 

DG134.8-11 

DG140.8-11 

DG141.8-11 

DG151.8-11 

DG152.8-11 

DG153.8-11 

DG154.8-11 

DG139.8-17 

DG142.8-17 

DG143.8-17 

DG144.8-17 

DG145.8-17 

DG146.8-17 

DG161.8-17 

DG162.8-17 

DG163.8-17 

DG164.8-17 

DG180.8-22 

DG181.8-22 

DG182.8-22 

DG183.8-22 

DG184.8-22 

DG185.8-22 

DG186.8-22 

DG187.8-22 

DG188.8-22 

DG189.8-22 

DG190.8-22 


DG191.8-22 

DG200 . 8-28 

DG201. 8-32 

DG201A.8-36 

DG202 .8-36 

DG211.8-41 

DG212.8-41 

DG300A.8-44 

DG301A.8-44 

DG302A.8-44 

DG303A.8-44 

DGM181 .8-49 

DGM182.8-49 

DGM184.8-49 

DGM185.8-49 

DGM190.8-49 

DGM191 .8-49 

IH311.8-54 

IH312.8-54 

IH401. .....8-59 

IH401A .8-59 

IH5009.8-65 

IH5010.8-65 

IH5011.8-65 

IH5012.8-65 

IH5013.8-65 

IH5014.8-65 

IH5015.8-65 

IH5016.8-65 

IH5017.8-65 

IH5018.8-65 

IH5019.8-65 

IH5020.8-65 

IH5021 .8-65 

IH5022.8-65 

IH5023.8-65 


IH5024 . 

.8-65 

IH5040. 

.8-72 

IH5041 . 

.8-72 

IH5042. 

.8-72 

IH5043 . 

.8-72 

IH5044 . 

.8-72 

IH5045. 

.8-72 

IH5046. 

.8-72 

IH5047. 

.8-72 

IH5048. 

.8-81 

IH5049. 

.8-81 

IH5050. 

.8-81 

IH5051 . 

.8-81 

IH5052. 

.8-86 

IH5053. 

.8-86 

IH5140. 

.8-92 

IH5141. 

.8-92 

IH5142. 

.8-92 

IH5143. 

.8-92 

IH5144. 

.8-92 

IH5145. 

.8-92 

IH5148. 

.8-103 

IH5149. 

.8-103 

IH5150. 

.8-103 

IH5151. 

.8-103 

iH5341 . 

.8-111 

IH5352. 

.8-117 

MM450 . 

.8-122 

MM451 . 

.8-122 

MM452 . 

.8-122 

MM455 . 

.8-122 

MM550 . 

.8-122 

MM551 . 

.8-122 

MM552 . 

.8-122 

MM555 . 

.8-122 















































































































D123/D125 

SPST 6-Channel JFET 
Switch Driver 



GENERAL DESCRIPTION 

The D123 and D125 monolithic bipolar drivers convert 
low-level positive logic signals (0 & + 5V) to the high level 
positive and negative voltages necessary to drive FET 
switches. One lead can be used to provide an enabling ca¬ 
pability. 

ORDERING INFORMATION 


D123 A K 



Package 

K—14-pin CERDIP 
L—14-pin Flat Package 
P—14-pin Hermetic DIP 
(Special Order Only) 

Temperature Range 
A—Military (-55®C to +125‘*C) 
B—Industrial (-20«C to +85«C) 

Device Chip Type 


FEATURES 

• Provides DC Level Shifting Between Low-Level 
Logic and MOSFET or JFET Switches 

• External Collector Pull-Ups Required 


0270-15 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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D123/DI25 








D123/DI25 


D123/DI25 


^DIMUli^DIL 


ABSOLUTE MAXIMUM RATINGS 


Input-to-Emitter Voltage (Vin - Vee) .33V 

Output-to-Emitter Voltage (Vq - Vee) .33V 

Logic Supply-to-Emitter Voltage (Vi_ - Vee) .27V 

Input-to-Reference Voltage (V|n - Vr) .2V 

lnput-tO"Logic Supply Voltage (V|n - VJ .+6 V 

Reference-to-Emitter Voltage (Vr - Vee).31V 


Maximum Dissipation (Note). 750mW 

Current (any pin).30mA 

Storage Temperature .-65®C to + 150“C 

Operating Temperature .to + 125°C 

Lead Temperature (Soldering, lOsec) . 300®C 


NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature of 70°C. Derate 10mW/^C 
for higher ambient temperature. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

Test conditions unless otherwise specified are as follows: Vee= -20V, Vl=4.5V, Iout=0> Vr = 0. Output and power supply 
measurements based on specified input conditions. 


Device No. 

Parameter 

Test Conditions 

Max Limit 

Units 

-55°C 

25^ 

125^ 

INPUT 

D123 

l|N(OFF) 

V|n = 0.4V 

1 

1 

100 

jaA 

V|N(ON) 

llN = 1mA 

1.3 

1 

0.8 

V 

D125 

l|N(OFF) 

V|n = 4.1V 

1 

1 

20 

jaA 

l|N(ON) 

V|n = 0.5V 

-0.7 

-0.7 

-0.7 

mA 

OUTPUT 

D125& 

D123 

lOUT(OFF) 

VoUT== + 10V 

0.1 

0.1 

10 

jaA 

VOUT(ON) 

loUT= 

-19.7 

-19.7 

-19.5 

V 

VOUT(ON) 

•out == 4mA 

-19.2 

-19.2 

-19.0 

V 

POWER SUPPLY 

D123 

Ir(ON)^''^ 

buT=0for 

ON measurements. 

VouT“ + 10V for 

OFF measurements. 

0.5 

0.5 

0.5 

mA 

Ir(OFF)(^) 

1 

1 

150 

jaA 

IeE(ON)^‘’^ 

1 

1 

1 

mA 

IeE(OFF)^^) 

2 

2 

200 

jaA 

D125 

Il(on)^'') 

2 

2 

1.9 

mA 

Il(off)('') 

1 

1 

100 

jaA 

Iee(on)^'') 

2 

2 

1.9 

mA 

Iee(OFF)^2) 

2 

2 

200 

jaA 

SWITCHING TIMES 

D125& 

D123 

t(ON) 

louT == 1 niA, CouT^^) = 10pF 
(See Switching Times) (4) 


250 


ns 

t(OFF)^'^) 


800 


ns 

t(on) 

Iqut ^ 4mA, CouT^^) = 10pF 
(See Switching Times) 


250 


ns 

t(off)^®) 


600 


ns 


NOTES: 1. One channel ON, 5 channels OFF. 

2. All channels OFF. 

3. Add 30ns per pF for 1 mA and add 8ns per pF for 4mA for additional capacitive loading. 

4. For Dual-ln-Line package add 120ns to t(off). 

5. For Dual-ln-Line package add 30ns to t(off). 


INTERSIL’S SOLE AND EXCLUSIVE \A/ARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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D123/DI25 


D123 





Figure 2: Switching Times 


Circuit Diagrams 
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TYPICAL PERFORMANCE CHARACTERISTICS 


toff(delay) VS i|N(PEAK) 
D123 



•in (P6AKI 


0270-6 


SWiTCHING TIMES 
VS TEMPERATURE 
D123 AND D125 
(SEE NOTES 4 AND 5) 



0270-7 



-75 -25 25 75 125 

TEMPERATURE (®C) 

0270-8 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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D123/DI 25 



D123/DI25 


D123/DI25 


^DO^Pli^DIL 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


NnVSVin 

D123 



V,N - INPUT VOLTAGE (V) 


VsAT VS TEMPERATURE 
D123 ANDD125 



-25 25 75 

TEMPERATURE (’C) 



45 65 85 105 125 

TEMPERATURE (“O 

0270-11 


APPLICATION TIPS 
Interfacing the D123 and 0125 

In order to meet all the specifications on this data sheet, 
certain requirements must be met by the drive circuitry. 

The D125 can be turned ON easily, but care must be 
exercised to insure turn-off. Keeping Vl - V|n:^0.4V Is a 
must to insure turn-off. To accomplish this, a shunt resistor 
must be added to supply the leakage current (Ices) DTL 
devices. Since Ices^^OjulA, a 0.4V/0.05mA =8kfl or less 
resistor should be used. For TTL devices using a 2kfl resis¬ 
tor will insure turn-off with up to 200ju,A of leakage current. 




Device pins Vr or Vl, can be used to enable the D123 or 
D125 drivers. For the D123, the enabling driver must sink 
Ir(ON) X no. of channels used. For the D125, Il(on) X no. of 
channels used must be sourced with a voltage at least + 4V 
greater than V||sj. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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D129 

4-Channel Decoded JFET 
Switch Driver 



GENERAL DESCRIPTION 

The D129 is a 4-channel driver with binary decode input. 
It was designed to provide the DC level-shifting required to 
interface low-level logic outputs (0.7 to 2.2V) to field-effect 
transistor inputs (up to 50V peak-to-peak). For a 5V input 
logic supply, the V“ terminal can be set at any voltage be¬ 
tween -5V and -30V. The output transistor is capable of 
sinking 10mA and will stand-off up to 50V above V“ in the 
off-state. 

The ON state of the driver is controlled by a logic “1” 
(open) on all three input logic lines, while the OFF state of 
the driver is achieved by pulling any one of the three inputs 
to a logic “0” (ground). 

The 4-channel driver is internally connected such that 
each one can be controlled Independently or decoded from 
a binary counter. 


FEATURES 

• Quad Three-Input Gates Decode Binary Counter to 
Four Lines 

• Inputs Compatible With Low Power TTL and DTL, 
If=200jliA Max 

• Output Current Sinking Capability 10mA 

• External Pull-Up Elements Required 


ORDERING INFORMATION 


0129 A K 

^TI 


Package 

K—14-pin CERDIP 
L—14-pin Flat Package 
P—14-pin Ceramic DIP 
(Special Order Only) 

Temperature Range 
A—Military (-55®C to +125®C) 

B—Commercial (-20®C to +85®C) 

Device Chip Type 

0271-5 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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D129 






D129 


D12d 


ABSOLUTE MAXIMUM RATINGS 

Current (any terminal) . 30mA 

Storage Temperature .-65®C to +150®C 

Operating Temperature .- SS^C to +125®C 

Power Dissipation (note) . 750mW 

Lead Temperature (Soldering, 10sec) . 300®C 

Note: Dissipation rating assumes device mounted with ail leads welded or soldered to pc board in ambient temperature of 70®C. Derate 10mW/“C for higher 
ambient temperatures. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


Vo - V- .50V 

GND - V- .33V 

V+ - GND .8V 

V|N “ GND .±6V 


ELECTRICAL CHARACTERISTICS Test conditions unless otherwise specified V~ = -20V, V+ = 5V 






Maximum Limit 


Symboi 

Parameter 

Test Conditions 

D129M 

D129i 

Units 





-55X 

25^ 

125X 





OUT 


Output Voltage, Low 

lo=10mA 

V|n = 2.2V,V+=4.5V 



-19 




v 

VoL 

Output Voltage, Low 

o 

II 

3 

> 

-19.8 

-19.8 

-19.75 





•oh 

Output Current, High 

Vo = 10V, V|n = 0.7V 

0.1 

0.1 

20 

0.2 


10 

REI 

iNPUT 

l|NH * 

Input Current 

Input Voltage High 

V|N = 5V Input Under Test, 

V|N = 0 All Other Inputs 

0.25 

0.25 

5 

1 

1 

5 

jmA 

IlNL * 

Input Current 

Input Voltage Low 

V|N = 0, V+ = 

= 5.5V 

-250 

-200 

-160 

-250 

-225 

-200 

TiME 


Turn-ONTime 

See Switching Time Test Circuit 


0.25 



0.3 


fJLS 

toff 

Turn-OFF Time 


1.0 



1.5 


SUPPLY 

Iee 

Negative Supply Current 


One Channel “ON” 


-2 



-2.25 



II 

Logic Supply Current 

V- = -20V 


3 



IQI 


Iee 

Negative Supply Current 

V+=5.5V 

AIIV|n = 0, 


-10 



BSli 


K9 

II 

Logic Supply Current 


All Channels “OFF” 


0.75 



1 


1^S9 


*Per gate Input 



t^.ioon* +5V - 

t,»100f» IN -H.SV 

tpw“Vs OV 

f « 100K Hz 


\ 


+10V • 
OUT OV - 
-20V - 








Figure 2: Switching Time and Test Circuit 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG123/DG125 

4 & 5-Channel SPST Driver 
With Switch 



GENERAL DESCRIPTION 

This series includes devices with four and five channel 
switching capability. Each channel is composed of a driver 
and a MOSFET switch. Two driver versions are supplied for 
inverting and noninverting applications. A MOSFET, used as 
a current source provides an active pull-up for faster switch¬ 
ing. 

An external biasing connection is brought out for biasing 
the current source, for optimization of speed and power. 

ORDERING INFORMATION 

DG123 A K 


Package 

L - 14-pin Flat Package 
P - 14-pin Ceramic DIP 

Temperature Range 
A - Military {-55°C to + 125°C) 

B - Commercial (-20°C to +85°C) 

Device Chip Type 


FEATURES 

• Available With and Without Programmable Constant 
Current Pull-up 

• Zener Protection on All Gates 

• P-Channel Enhancement-Type MOSFET Switches 

• Each Switch Summed to One Common Point 


TRUTH TABLE 


DG123 

DG125 

Switch 

Cond. 

V|N 

Vr 

V|N 

Vl 

L 

L 

L 

L 

OFF 

H 

L 

L 

H 

ON 

L 

H 

H 

L 

OFF 

H 

H 

H 

H 

OFF 


L=OV, H=-l-V 


DG123 



DG125 

{One Channel) 




0272-2 

Figure 1: Schematic & Logic Diagrams (Outline Dwgs DD, FD-2) 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG123/DG125 



















DG123/DG125 




DG123/DG125 


ABSOLUTE MAXIMUM RATINGS 


Collector to Emitter (V + - V -) .33V 

Collector to Pull-up (V+ -Vp) .33V 

Drain to Emitter (Vd-V“) .32V 

Source to Emitter (Vs - V -) .32V 

Drain to Source (Vq-Vs).28V 

Source to Drain (Vs-Vq).28V 

Logic to Emitter (Vl-V-) .33V 

Reference to Emitter (Vr-V~) .31V 

Reference to Input (Vr - V||sj) .6V 


Logic to Input (Vl-V|n) .± 6V 

Input to Emitter (V|N-V“).33V 

Current (any terminal) .— 30mA 

Storage Temperature.-65*C to +150“C 

Operating Temperature.-55®C to + 125*C 

Dissipation (Note). 750mW 

Lead Temperature (Soldering, lOsec) . 300®C 


NOTE: Dissipation rating assumes device is mounted with aii ieads welded 
or soldered to printed circuit board in ambient temperature of TO^C. 
Derate 10mW/*C for higher ambient temperature. 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

Test conditions unless specified otherwise are as follows: Vl=4.5V, Vr = 0, V~ = -20V. Input ON and OFF test conditions 
used for output and power supply specifications. 


Device No. 

Parameter 

(Note) 

Test Conditions 

Max Limits 

Units 

-55X 

+ 25“C 

+ 125°C 

Input 

DG123 

•iN(OFF) 

V|n = 0.4V 

1 

1 

100 

juA 

V|N(ON) 

lirM = lmA 

1.3 

1.0 

0.8 

V 

DG125 

l|N(ON) 

V|n = 0.5V 

-0.7 

-0.7 

-0.7 

mA 

OUTPUT 

Ail 

circuits 

rDS(ON) 

Vd = 10V, ls=-1mA 

100 

100 

125 

n 

Vd = 0, ls=-100jLiA 

200 

200 

250 

n 

Vd=- 10V, ls=-100jaA 

450 

450 

600 

n 

ID(ON) 

Vd = 10V, ls(all)=0 


4 

4000 

nA 

Id(OFF) 

Vs(all) = 10V,VD=-10V 


-4 

-4000 

nA 

IS(OFF) 

Vd=10V,Vs=-10V 


-1 

-1000 

nA 

POWER SUPPLY 

All 

circuits 

ICC(ON) 

One Channel (ON) 


3 


mA 

•l(ON) 


3 


mA 

Ir(ON) 


-0.5 


mA 

•eE(ON) 


-6 


mA 

All 

circuits 

ICC(OFF) 

All Channels (OFF) 


10 


jliA 

•l(OFF) 


10 


jaA 

Ir(off) 


-15 


fxA 

IeE(OFF) 


-20 


fiA 

SWITCHING TIMES 

All 

circuits 

t(ON) 

See Switching Times 


0.3 


flS 

‘(OFF) 


1 


flS 


NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the MOSFET switch for the given test condition. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


liN VS V|N SWITCHING TIMES vs 

DG123 TEMPERATURE 



0272-7 


0272-8 



Vd or Vs(V) 

0272-9 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG123/DG125 


DG123/DG125 mmii^DIL 



Enable Control 

The Vr and Vl terminals can be used as either a Strobe 
or an Enable control. The requirements for sinking current 
at Vr or sourcing current at Vl are: Il(ON) No. of channels 
used, for the DG125, and Ir(on)XNo. of channels used for 
the DG123 devices. The voltage at Vl must be greater than 
the voltage at Vin by at least +4V. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG126, DG129, DG133, 
DG134, DG140, DG141, 

DG151-154 

DUAL JFET Analog Switch 

GENERAL DESCRIPTION 

These switching circuits contain two channels in one 
package, each channel consisting of a driver circuit control¬ 
ling a SPST or DPST junction FET switch. The driver inter¬ 
faces DTL, TTL or RTL logic signals for multiplexing, com¬ 
mutating, and D/A converter applications, which permits 
logic design directly with the switch function. Logic “1” at 
the Input turns the FET switch ON, and logic “0” turns It off. 

ORDERING INFORMATION 

DG129 A K 

Package 

K- 14-pin CERDIP 
(DG126,129,133,134,151,152, 154) 

L - 14-pin Flat Pack 
P - 14-pin Ceramic DIP 
(DG140,141)* 

Temperature Range 
A - Military (-55“C to +125*0) 

B - Industrial (-20*Cto +80*C) 

Device Chip Type 



FEATURES 

• Each Channel Complete-Interfaces With Most 
Integrated Logic 

• Low OFF Power Dissipation, ImW 

• Switches Analog Signals Up to 20 Volts Peak-to-Peak 

• Low rDS(ON)» 10 Ohms Max on DG 140/A and 
DG141/A 

• Switching Times Improved 100%-‘A’ Versions 



DUAL SPST 
DG 133 (r[)s(ON) ~ 30n) 
DG 134 (rDS(ON) ~ 800) 
DG141 (rDS(ON)“ 10O) 
DG151 (rDS(ON)~ 150) 
DG152 (rDS(ON) = 50O) 


DUAL DPST 
DG 126 (rDS(ON) ~ 800) 
DG129 (rDS(ON)~ 800) 
DG140 (rDS(ON)“ 10O) 
DG153 (rDS(ON)“ 150) 
DG154(rDS(ON)=50O) 



0273-4 


Figure 1: Functional Diagrams (Outline Dwgs DD, FD-2, JD) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG126, DG129, DG133, DG134, DG140, DG141, DG151- 










DG126, DG129, DG133, DG134, 0G140, DG141, DG151-154 


DG126, DG129, DG133, DG134, DG140, rai^jfUiii^DIL 
DG141, DG151-154 

ABSOLUTE MAXIMUM RATINGS 

Analog Signal Voltage (Va-V- or V+ -Va) .30V 

Total Supply Voltage (V+-V-) .36V 

Positive Supply Voltage to Ref. Voltage (V+ - Vr) 25V 

Ref. Voltage to Neg. Supply Voltage (Vr-V“) .22V 

Power Dissipation (Note). 750mW 

Current (any terminal) .30mA 

Storage Temperature .-65®Cto+150‘’C 

Operating Temperature .- 55°C to +125®C 

Lead Temperature (Soldering, 10sec) .SOO^C 

NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below TO^C. For higher 
temperature, derate at rate of 10mW/“C. 

ELECTRICAL CHARACTERISTICS (Per Channel) 

Applied voltages for all test: DG126, DG129, DG133, DG134, DG140, DG141 (V+ = +12V, V- = -18V, Vr = 0), and DG151, 
DG152, DG153, DG154 (V+ = +15V, V~ = -15V, Vr = 0). Input test condition which guarantees FET switch ON or OFF as 
specified is used for output and power supply specifications. 


SYMBOL 

(NOTE) 

CHARACTERISTIC 

TYPE 

TEST CONDITIONS 

ABSOLUTE MAX LIMIT 

UNIT 

-55“C 1 25X 

125X 

INPUT 1 

V|N(ON) 

Input Voltage-On 

All Circuits 

V2=~12V 

2.9 min 

2.5 min 

2.0 min 

Volts 

V|N(0FF) 

Input Voltage-Off 

V2=-12V 

1.4 

1.0 

0.6 

Volts 

l|N(ON) 

Input Current 

V|n = 2.5V 

120 

60 

60 

jiiA 

l|N(OFF) 

Input Leakage Current 

V|n==0.8V 

0.1 

0.1 

2 

/xA 

SWITCH OUTPUT | 

rDS(ON) 

Drain-Source On Resistance 

DG126 

DG134 

VjN = (See Note) 
Vd= 10V, ls=10mA 

80 

80 

150 

a 

DG129 

DG133 

30 

30 

50 

n 

DG140 

DG141 


10 

10 

20 

n 

DG151 

DG153 

Vd = 7.5V, Is = 10mA 

V|N = (See Note) 

15 

15 

30 

a 

DG152 

DG154 

50 

50 

100 

a 

Id(ON) + Is(ON) 

Drive Leakage Current 

DG126 

DG129 

DG133 

DG134 

Vd = Vs=-10V 


±2 

100 

nA 

IS(OFF) 

Source Leakage Current 

Vs=10V, Vd=-10V 


±1 

100 

nA 

Id(off) 

Drain Leakage Current 

Vd = 10V, Vs=-10V 


±1 

100 

nA 

Id(on) + Is(on) 

Drive Leakage Current 

DG140 

DG141 

Vd = Vs=-10V 


±2 

100 

nA 

IS(OFF) 

Source Leakage Current 

Vs=10V, Vd=-10V 


±10 

1000 

nA 

Id(off) 

Drain Leakage Current 

Vd=10V,Vs=-10V 


±10 

1000 

nA 

ISBBiSSBI 

Drive Leakage Current 

DG151 

DG153 

Vd = Vs=-7.5V 


±2 



'S(OFF)_ 

Source Leakage Current 

Vs = 7.5V,Vd=-7.5V 




IQ9II 


Drain Leakage Current 

Vd=7.5V,Vs=-7.5V I 



iHiitiim 


Id(on)+Is(on) 

Drive Leakage Current 




±2 



•S(OFF) 

Source Leakage Current 

Vs = 7.5V, Vd=-7.5V 


±2 

IBSli 


Id(off) 

Drain Leakage Current 

Vd = 7.5V, Vs = -7.5V 


±2 

WESSM 



NOTE: V|N must be a step function with a minimum slew-rate of 1 V/jns. 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG126, DG129, DG133, DG134, DG140, ^fllffi^DIL 
DG141, DG151-154 


ELECTRICAL CHARACTERISTICS (Per Channel) (Continued) 


SYMBOL 

CHARACTERISTIC 

TYPE 

TEST CONDITIONS 

ABSOLUTE MAX LIMIT 


(NOTE) 

-55“C 

25'C 


POWER SUPPLY 

ll(ON) 

Positive Power Supply 
Drain Current 




3 


mA 

l2(ON) 

Negative Power Supply 
Drain Current 


One Driver ON, V|n = 2.5V 


-1.8 


mA 

Ir(ON) 

Reference Power Supply 

Ail Circuits 



-1.4 


mA 

ll(OFF) 

Drain Current 

Positive Power Supply 
Leakage Current 




25 


julA 

l2(OFF) 

Negative Power Suppiy 
Leakage Current 


Both Drivers OFF, V|n = 0.8V 


-25 


IxA 

Ir(OFF) 

Reference Power Supply 
Leakage Current 




-25 


fxA 

SWITCHING 


Turn-On Time 

See Below 

DG126, DG129, DG133, 

DG134, DG152, DG154 


600 


ns 

tOFF 

Turn-Off Time 

See Below 

DG126, DG129, DG133, 

DG134, DG152, DG154 


1.6 


jUiS 

tON 

Turn-On Time 

See Below 

DG140, DG141, DG151, DG153 


1.0 


fJLS 

tOFF 

Turn-On Time 

See Below 

DG140, DG141, DG151, DG153 


2.5 



POWER 


ON Driver Power 

All Circuits 

Both Inputs V|N = 2.5V 





IBHB 

OFF Driver Power 

Both Inputs V|N = 1V 


1 


mW 


NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG126, DG129, DG133, DG134, DG140, DG141, DG151-154 













DG126, DG129, DG133, DG134, DG140, 
DG141, DG151-154 



NOTE: AH typical values have been characterized but are not tested. 
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DG126, DG129, DG133, DG134, DG140, 
DG141, DG151-154 


DG126,129,133,134,140,141 
ON MODEL 


Vl Vcc 



0273-11 


DG151,152,153,154 
ON MODEL 


»JT 

LOGIC 

INPUT 


ANALOG INPUT 



0273-12 

Figure 2: Switching Times (at 25X) (Continued) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG126p DG129, DG133, DG134, DG140, DG141, DG151-154 



DG126, DG129, DG133, DG134, DG140, DG141, DG151-154 


DG126, DG129, DG133, DG134, DG140, ^DO^inrii^OIL 
DG141, DG151-154 


TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 

DG126,129,133,134,140,141 DG151,152,153,154 




-75 -25 25 75 125 

TEMPERATURE (°C) 


0273-13 


0273-14 


rDS(ON) vs TEMPERATURE 
(Normalized to 25X Value) 
---r—r—r 


V,N = 2.5 
“Vr = 0 
-V'^ = +12 
\i~ - -18 

V 










V _ 














































Oi I I_I 1—1 I \ _I 

-75 -25 25 75 125 



TEMPERATURE (“O 


TEMPERATURE (®C) 
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0273-16 


ALL CIRCUITS 


ON SUPPLY CURRENT vs 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE TC) 


■d(off) vs temperature 



OFF SUPPLY CURRENT vs 
TEMPERATURE 
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0273-18 


0273-19 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG139, DG142-DG146, 

DG161-DG164 

DUAL JFET Analog Switch 

GENERAL DESCRIPTION 

Each package contains a monolithic driver with differen¬ 
tial input and 2 or 4 discrete FET switches. The driver may 
be treated as a special purpose differential amplifier which 
controls the conduction state of the FET switches. The dif¬ 
ferential output of the driver sets the switches in opposition, 
one pair open and the other pair closed. All switches may 
be opened by applying a positive control signal to the Vr 
terminal. 


FEATURES 

• Each Channel Complete •> Interfaces With Most 
Integrated Logic 

• Low OFF Power Dissipation, ImW 

• Switches Analog Signals Up to 20 Volts Peak-to-Peak 

• Low rDS(ON)» 10 Ohms Max on DG145 and DG146 

ORDERING INFORMATION 


• Package 

K ~ 14-pin CERDIP (00139.142.143,144.162,164) 
L — 14-pin Flat Package 
P . i4.pin Ceramic DIP (00145,146,161,163) 

• Temperature Range 

A - Military (-55®C to +125«C) 

B — Commercial (-20^ to -f 65**C) 

- Device Chip Type 


SPOT 

DG143 (rDS(ON)“®0f^) 
DG144 (rDS(ON) = 30n) 
DG146 (rDS(ON)“ 10^) 
DG161 (rDS(ON)~ 15^) 
DG162 (rDS(ON) ” son) 



SWITCH STATES 
ARE FOR V.N, = 
LOGIC "I" 


DPDT 

DG139 (rDS(ON)~ son) 

DG 142 (rDS(ON) ~ 80 n) 
DG145 (rDS(ON)~ ion) 
DG163 (rDS(ON)~ ISn) 
DG164 (rDS(ON)=50n) 



SWITCH STATES 
ARE FOR V,M - 
LOGIC "1 • 




Figure 1: Functional Diagrams (Outline Dwgs DD, FD-2, JD) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG139, DG142-DG146, D0161-DG164 






DG139, DG142>DG146, DG161-DG164 


DG139p DG142-DG146, DG161-DG164 ^Dim^DIL 


ABSOLUTE MAXIMUM RATINGS 


V+-V-.36V 

Vs~V- .30V 

V+-Vs .30V 

Vs-Vd.±22V 

Vr-V- .21V 

V+-Vr .17V 

V+-V|N1 orV|N2.14V 

V|N1-V|N2 .±6V 


V|N1-Vr .±6V 

V|N2-Vr .±6V 

Power Dissipation (Note).— 750mW 

Current (any terminal) . 30mA 

Storage Temperature .-eS^Cto+150“C 

Operating Temperature .- SS^C to +125“C 

Lead Temperature (Soldering, lOsec) . 300*0 


NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below yo^C. For higher 
temperature, derate at rate of 10mW/®C. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

Applied voltages for all tests: DG139, DG142, DG143, DG144, DG145, DG146 (V+ = 12V, V" = -18V. Vr = 0, V|N 2 = 2.5V) and 
DG161, DGie2, DG163, DG164 (V + = 15V, V~ = -15V, Vr = 0, V|N 2 = 2.5V). Input test condition that guarantees FET switch 
ON or OFF as specified is used for output specifications. 


Symbol 

(Note) 

Parameter 

Type 

Test Conditions 

Absolute Max Limit 

Units 

-55*C 

25*C 1 125*C 

INPUT 1 

liNKON) 

Input Current 

All Circuits 

V|ni=3.0V 

120 

60 

60 

jaA 

l|N2(ON) 

V|N2 = 2.0V 

120 


60 

jjlA 

•iNKOFF) 

Input Leakage Current 

V,ni=2.0V 

0.1 


2 

jjlA 

l|N2(OFF) 

V|N2 = 3.0V 

0.1 

■n 

2 

julA 

SWITCH OUTPUT | 

rDS(ON) 

Drain-Source On Resistance 

DG142 

DG143 


m 

m 

150 


DG139 

DG144 

IIIIIIIIIIQII^ 


60 


DG145 

DG146 


o 

10 

20 

n 

DG161 

DG163 



15 

30 

imi 

DG162 

DG164 


50 


mn 

Id(on)+Is(on) 

Drive Leakage Current 

DG139 

DG142 

DG143 

DG144 

Vd = Vs,= -10V 


2 


nA 

mSillHH 

Source Leakage Current 

DISEODS^BE^I 


1 




Drain Leakage Current 



1 

100 


Id(on)+Is(on) 

Drive Leakage Current 




2 

100 

nA 

IS(OFF) 

Source Leakage Current 

Vs=10V, Vd=-10V 


10 



Id(ofr 

Drain Leakage Current 

Vd=10V, Vs=-10V 





Id(on)+Is(on) 

Drive Leakage Current 

DG161 

DG163 

Vd = Vs=-7.5V 


2 



IS(OFF) 

Source Leakage Current 

Vs = 7.5V, Vd=-7.5V 






Drain Leakage Current 

Vd = 7.5V, Vs =-7.5V 





Id(on)+Is(on) 

Drive Leakage Current 

DG162 

DG164 

Vd=Vs=-7.5V 


2 

KEEI 


IS(OFF) 

Source Leakage Current 

Vs = 7.5V, Vd=-7.5V 


2 


nA 

Id(off) 

Drain Leakage Current 

Vd=7.5V, Vs =-7.5V 


2 

200 

nA 


NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test, V|n must be a step function with a minimum slew-rate 
of tV/jiiS. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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DG139, DG142-DG146, DG161-DG164 GSOIMinii^OIL 


ELECTRICAL CHARACTERISTICS (Continued) 


Symbol 

(Note) 

Parameter 

Type 

Test Conditions 

Absolute Max Limit 

Units 

-55"C 

25X 

lasx 

POWER SUPPLY 

h(ON) 

Positive Power Supply 
Drain Current 

All Circuits 

1 

> > 

CO CM 

II II 

z z 

> o > 


4.2 

■ 


l2(ON) 

Negative Power Supply 
Drain Current 


-2.0 


mA 

•r(ON) 

Reference Power Supply 
Drain Current 


-2.2 

■ 

mA 

•l(OFF) 

Positive Power Supply 
Leakage Current 

V|N1=V|N2. = 0.8V 


25 



l2(OFF) 

Negative Power Supply 
Leakage Current 


-25 



Ir(OFF) 

Reference Power Supply 
Leakage Current 


-25 


jaA 

SWITCHING 

tON 

Turn-On Time 

DG139, DG142 
DG143, DG144 
DG162, DG164 

See Switching Times 


0.8 


flS 

tOFF 

Turn-Off Time 

DG139, DG142 
DG143, DG144 
DG162, DG164 

See Switching Times 


1.6 


jmS 

tON 

Turn-On Time 

DG145, DG146 
DG161,DG163 

See Switching Times 




JUS 

tOFF 

Turn-Off Time 

DG145, DG146 
DG161,DG163 

See Switching Times 


H 


fXS 


NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG139, 0G142-DG146, DG161-DG164 






































INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG139, DG142-DG146, DG161-DG164 


AtOLUTC VOCTAOC 
LiViLt FOn SWITCHINO 
WITHONf tlDC OPiN AND 
OTHtn t)Of SWITCHIO AT 
26* C 


VOLTAGE AT PIN 13 
N6CE6SANV TO SWITCH 
WHEN HAS AT PIN S IS 
♦2.BV AT 26* C 




2 3 4 5 

ViN (Pins 9 or 13) 


1 2 3 4 5 

V,N (Pin 13) 


Figure 3 


Figure 4 


NOTE 1: An example of Absolute Minimum Differential Voltage, IV 9 -V 13 I, is when V 9 = 3 V and Vi 3 = 2 . 5 V, the Vg side of the switch is ON and the V 13 side of the 
switch is OFF at 25‘’C. Conversely, when V 9 = 2 V and Vi 3 = 2 . 5 V, the Vg side of the switch is OFF and the V 13 side of the switch is ON at 25'’C. 

TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 

DG139, 142, 144, 145, 146 


V|Ni THRESHOLD vs TEMPERATURE 

.:.mq 

I ’Eliott 

I SW 1 & 2 ARE OFF^ ^ 


Rds(on) vs temperature 

100 I I I 11 1 f -- 


iD(OFF) VS TEMPERATURE 




-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

0274-15 

DG161, 162, 163, 164 
V|Ni THRESHOLD vs TEMPERATURE 


-75 -50-25 0 25 50 75 100 125 

TEMPERATURE CC) 

0274-16 

Rds(on) vs temperature 


25 45 65 85 105 125 

TEMPERATURE ('^O 

0274-17 

ls(OFF)VS TEMPERATURE 



— 

- d'g162. 164 — 






__ 


~OG161, 163 3 














-75 -60 -25 0 25 50 75 100 125 

TEMPERATURE (*C) 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (“O 

0274-19 


25 45 65 85 105 125 

TEMPERATURE (°C) 

0274-20 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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NOTE- AH typical values have been characterized but are not tested. 
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DG180-191 


DG180-191 

High-Speed Driver With 
JFET Switch 

GENERAL DESCRIPTION 

The DG180 thru DG191 series of analog gates consist of 
2 or 4 N-channel junction-type field-effect transistors (JFET) 
designed to function as electronic switches. Level-shifting 
drivers enable low-level inputs (0.8 to 2V) to control the ON- 
OFF state of each switch. The driver is designed to provide 
a turn-off speed which is faster than turn-on speed, so that 
break-before-make action is achieved when switching from 
one channel to another. In the ON state, each switch con¬ 
ducts current equally well in both directions. In the OFF con¬ 
dition, the switches will block voltages up to 20V peak-to- 
peak. Switch-OFF input-output isolation is 50dB at 10MHz, 
due to the low output impedance of the FET-gate driving 
circuit. 

ORDERING INFORMATION 


Part 

Number 

Type 

roSfon) 

(Max) 

DG180 

Dual SPST 

10 

DG181 

Dual SPST 

30 

DG182 

Dual SPST 

75 

DG183 

Dual DPST 

10 

DG184 

Dual DPST 

30 

DG185 

Dual DPST 

75 

DG186 

SPDT 

10 

DG187 

SPDT 

30 

DG188 

SPDT 

75 

DG189 

Dual SPDT 

10 

DG190 

Dual SPDT 

30 

DG191 

Dual SPDT 

75 


FEATURES 

• Constant ON-Resistance for Signals to ± 10V 
(DG182,185, 188, 191), to ±7.5V (All Devices) 

• ± 15V Power Supplies 

• <2nA Leakage From Signal Channel in Both ON and 
OFF States 

• TTL, DTL, RTL Direct Drive Compatibility 

• ton> toff < 150ns, Break-Before-Make Action 

• Cross-talk and Open Switch Isolation >50dB at 
10MHz (75n Load) 

• JAN 38510 Approved 
DG 181 X Y 

PACKAGE 

A - 10-PIN METAL CAN 
L - 14-PIN FLAT PACK 
P - CERAMIC DIP 
(Special Order Only) 

K - CERDIP 

-TEMPERATURE 

A - MILITARY (-55“C to + 125*C) 

B - INDUSTRIAL (-20“C to +85*0) 

-DEVICE TYPE 

-DRIVER 


ONE AND TWO CHANNEL SPOT AND 
SPST CIRCUIT CONFIGURATION 


TWO CHANNEL DPST CIRCUIT CONFIGURATION 



OG186/187/188 SHOWN 



Figure 1: Functional Diagram (Typical Channel) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG180-191 


ABSOLUTE MAXIMUM RATINGS 

V+-V-.36V GND-V- .27V 

V+-Vd .33V GND-V|n .20V 

Vd-V- .33V Current (S or D) See Note 3 . 200mA 

Vp-Vs.±22V Storage Temperature .-65“Cto+150“C 

Vl-V“ .36V Operating Temperature .-55“C to + 125°C 

Vl“V||m .8V Power Dissipation* . 450 (TW), 750 (FLAT), 

Vl-GND .8V 825(DIP)mW 

V||m-GND .8V Lead Temperature (Soldering, 10sec) . 300“C 

‘Device mounted with all leads welded or soldered to PC board. Derate 6mW/®C (TW); 10mW/‘C (FLAT); 11mW/*C (DIP) above 75®C. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings oniy and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not impiied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reiiabiiity. 


Metal Can Package 

S2 


SiJ 


10 02 

Si 

Di (y 


IN2 

0i 


IT 


NC 

INi 

-0-1 k 

V- 

NC 

V+ 1 


J0QNO 

tNi 


Vl 


V+ 



0275-3 

Vl 


DUAL SPST (DG180,181,182) 
Flat Package 


(OUTLINE DWG TO-100) 




DUAL DPST (DG183,184,185) 
Flat Package 


(OUTLINE DWG FD-2) 


(OUTLINE DWG JD) 


CERDIP* 



(OUTLINE DWG FD-2) 


QND 

0275-6 



' (OUTLINE DWG JE) 

Figure 2: Pin Configurations and Switching State Diagram 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG180-191 






















DG180-191 


Metal Can Package 


SPOT <DG186,187,188) 
Fiat Package 



0275-8 

(OUTLINE DWGTO-100) 




Flat Package 


(OUTLINE DWG FD-2) 


DUAL SPDT(DG189,190,191) 


(OUTLINE DWG JD) 




(SUBSTRATE) 


*Side braze ceramic package available as special order only. Consult factory. 

(OUTLINE DWG FD-2) (OUTLINE DWG JE) 

Figure 2: Pin Configurations and Switching State Diagram (Cont.) 


ELECTRICAL CHARACTERISTICS (V+ =+15V,v- = -15V,Vl= 5V, unless Noted) 


Parameter 


Test Conditions 
(Note 1) 


-55“C +25X +125X -20"C +25X +85“C 


IS(off) DG181.182,184,185 Vs=10V, Vd=-10V, V+= 10V 
187,188,190,191 

(DG180,183,186,189) V" = -20V, V|n = “OFF” 


DG181,184,187,190 Vs = 7.5V, Vd= -7.5V 
(DG180,183,186,189) V|n = “OFF’ 


DG182,185,188,191 Vs = 10V, Vp = -10V 
_ V|N = “0FF” _ 

iD(off) DG181,182,184,185 Vs= 10V, Vd= -10V, V+= 10V 
187,188,190,191 

(DG180,183,186,189) V" =-20V, V|n = “OFF” 

DG181,184,187,190 Vs=7.5V, Vd= -7.5V 
_ (DG180,183,186,189) V|n = “OFF” _ 

DG182,185,188,191 Vs = 10V, Vq = -10V 
_V|N = “0FF”_ 




±( 10 ) ( 1000 ) 


±1 100 
±( 10 ) ( 1000 ) 


±( 10 ) ( 1000 ) 

±1 100 
±( 10 ) ( 1000 ) 


±5 100 nA 


(15) (300) _ 

±5 100 

(15) (300) 

±5 100 nA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG180-191 


ELECTRICAL CHARACTERISTICS (V+ = +15V, V- = -15V, Vl= 5V, Unless Noted) (Continued) 


Parameter 

Device No. 

Test Conditions 
(Note 1) 

ISWITCH (Continued) 

•D(on) + Js(on) 

DG180,181,183,184 
186,187,189,190 

Vd=V s = - 7.5V, V|N = “ON” 


DG182,185,188,191 

Vd=Vs=-10V, V|n = “ON” 


A Series 


-55“C +25X 



□ 

1 -200 


-200 


INPUT 


IlNL 


l|NH 




ton 

ion Switches 



300 




30n Switches 



150 




75n Switches 

See switching time test circuit 


250 



toff 

ion Switches 



250 




30n and 75n Switches 



130 




CD(on) + Cs(on^ 
OFF Isolation 


SUPPLY 


DG181,182,184,185, |Vs=-5V, lD=0,f=1MHz 



187,188,190,191 
(DG180,183,186189) 


DG180,181,182,189 
190.191 


DG183.184.185 


DG186,187,188 


DG180,181,182,189 
190.191 


DG183,184,185 


DG186,187,188 

DG180,181,182,183 
184,185,189,190,191 


DG186,187,188 


DG180,181,182,189 
190,191 _ 

DG183,184,185 
DG186,187,188 

DG180,181,182,189 
190,191 _ 

DG183,184,185 


88 


Vd=+5V, ls = 0.f=1MHz 
VD = Vs = 0.f=1MHz 
RL=75n, Cl=3pF 


9 typical (21 typical) 
6 typical (17 typical) 
14 typical (17 typical) 


Typically >50dB at 10MHz (See Note 2) 






8 


NOTES 1. See Switching State Diagrams for V|n “ON” and V|n “OFF” Test Conditions. 

2. Off Isolation typically>55dB at 1MHz for DG180. 183, 186, 189. 

3. Saturation Drain Current for DG180, 183, 186, 189 only, typically 300mA {2ms Pulse Duration). Maximum Current on all other devices (any terminal) 
30mA. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG180-191 


DG180-191 


ELECTRICAL CHARACTERISTICS maximum resistances (rosiON) max) (Continued) 


Device 

Number 

Conditions (Note 1) 

V+ = 15V,V-15V,Vl=5V 

Military Temperature 

Industrial 

Temperature 

Units 

-55“C 

+ 25“C 

+ 125X 

-20X 

+ 25“C 

+ 85X 

DG180 



10 

10 

20 

15 

15 


ft 

mm 



30 

30 

60 

50 

50 

75 

ft 

mi 

Vd=-10V 


75 

75 

100 

100 

100 

150 

ft 

DG183 

Vd=-7.5V 


10 

10 

20 

15 

15 

25 

ft 

DG184 



30 

30 

60 

50 

50 

75 

ft 

DG185 

Vd=-10V 

ls=-10mA 

75 

75 

150 

100 

100 


ft 

DG186 

Vd=-7.5V 


10 

10 

20 

15 

15 

25 


12100^01 

Vd= -7.5V 

V|n = “ON” 


■Si 

60 

50 

50 

75 

ft 


Vd=-10V 


75 


150 

100 

100 


ft 


PfBXM 


10 

10 

20 

15 

15 

mm 

ft 


ISSBIE&OH 


30 

30 

60 

50 

50 

50 

ft 


Vd=-10V 


75 

75 

150 

100 

100 

150 

ft 


APPLICATION HINT (for design only): Normally the minimum signal handling capability of the DG180 through DG191 family is 20V peak-to-peak for the 75ft 
switches and 15V peak-to-peak for the 10ft and 30ft (refer Id and Is tests above). For other Analog Signals, the following guidelines can be used: proper switch 
turn-off requires that V~ ^ VANAL0G(P®3k) - Vp where Vp = 7.5V for the 10ft AND 30ft switches and Vp = 5.0V for 75ft switches e.g., - 10V minimum (-peak) 
analog signal and a 75ft switch (Vp = 5V), requires that V“ ^ -10V -5V = -15V. 


Logic Input for “OFF” to “ON” Condition (DG180/181/182 Shown) 


LOGIC 
INPUT 
tr <10ns 
tf <10ns 


SWITCH 

INPUT 


SWITCH 

OUTPUT 



0275-13 


Vl 


Vcc 



0275-14 


Switch output waveform shown for Vs=constant with logic input waveform as shown. Note that Vs may be + or - as per switching time test circuit. Vq 
is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH t^icat values have been characterized but are not tested. 
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DG180-191 


DUAL SPST-DG180/181/182 


TEST CONDITIONS 


DG180/181/182 





SWITCH STATES ARE 


FOR LOGIC “1” INPUT= 

2.0V 


SPDT-DG186/187/188 


TEST CONDITIONS 


DG186/187/188 

V|n“ON” = 2.0V 

Channel 1 

V|n“ON” = 0.8V 

Channel 2 

V|N “OFF” = 2.0V 

Channel 2 

V|N “OFF” = 0.8V 

Channel 1 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT=2.0V 


DUAL DPST-DG183/184/185 


TEST CONDITIONS 


DG183/184/185 


All Channels 

All Channels 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT=2.0V 


DUAL SPDT-DG189/190/191 


TEST CONDITIONS 


DG189/190/191 

V|n“ON” = 2.0V 

Channels 1 & 2 

V|n“ON” = 0.8V 

Channels 3 & 4 

V|N “OFF” = 2.0V 

Channels 3 & 4 

V|N “OFF” = 0.8V 

Channels 1 & 2 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT=2.0V 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG200 


DG200 

CMOS Dual SPST 
Analog Switches 



GENERAL DESCRIPTION 

The DG200 solid state analog gates are designed using 
an improved, high voltage CMOS monolithic technology. 
They provide ease-of-use and performance advantages not 
previously available from solid state switches. Destructive 
iatch-up of solid state analog gates has been eliminated by 
INTERSIL’S CMOS technology. 

The DG200 is completely spec and pin-out compatible 
with the industry standard device. 

ORDERING INFORMATION 


FEATURES 

• Switches Greater Than 28Vpp Signals With ± 15V 
Supplies 

• Break-Before-Make Switching toff 250ns, ton 700ns 
Typical 

• TTL, DTL, CMOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off 

• Complete Monolithic Construction 

• Industry Standard (DG200) 


industry 

Standard 

Part 

Package 

Temperature 

Range 

DG200AA 

10-Pin Metal Can 

-55*Cto +125‘’C 

DG200AK 

14-Pin CERDIP 

-55“Cto+125“C 

DG200AL 

14-Pin Flat Pak 

-55“Cto +125‘’C 

DG200BA 

10-Pin Metal Can 

-25“CtO +85"C 

DG200BK 

14-Pin CERDIP 

-25‘’CtO +85"C 

DG200BL 

14-Pln Flat Pak 

-25“Cto +85‘’C 

DG200CJ 

14-Pin Epoxy Dip 

O^Cto +70^C 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG200 


^DINnili^DIL 


ABSOLUTE MAXIMUM RATINGS 


V+-V-.<36V 

V+-Vd .<30V 

Vd-V- .<30V 

Vd-Vs.<28V 

V|n-GND .<20V 

Storage Temperature .-BS^Cto+150‘’C 

Operating Temperature .- 55“C to +125“C 

Lead Temperature (Soldering, 10sec) . 300*0 

Power Dissipation. 450mW 


(All Leads Soldered to a P.C. Board.) Derate 6mW/®C Above 75*C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (Ta=25-c,v+ = + 15V,v- = -15V) 


Per Channel 

Test 

Conditions 

Min/Max Limits 

Units 

Symbol 

Characteristic 

Military 

Com’l/Industrial 

I 

<n 

O 

+ 25“C 

+ 125*C 

0/-25*C 

+ 25*C 

+ 70*C/ + 85*C 

l|N(ON) 

Input Logic Current 

V|N = 0.8V See Notes 2,3 

±10 




±10 

±10 










±10 

d' 

l'DS(ON) 

Drain-Source On 
Resistance 








a 

•'DS(ON) 

Channel-to-Channel 
•'DS(ON) Match 


■ 


m 






Min. Analog Signal 
Handling Capability 


■ 






V 

•d(OFF) 

Switch OFF Leakage 
Current 

Vanalog = -1 4V to +14V 


±2 

100 



100 

nA 




■ 

±2 



±5 

100 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG200 


DG200 @DIK!nnii^DIL 


ELECTRICAL CHARACTERISTICS (Ta=25°C,v+ = +15V.V- = -15V) (Continued) 


Per Channel 

Test 

Conditions 

Min/Max Limits 

Units 



Miiitary 

Com’i/industriai 

-55“C 

+ 25"C 

+ 125X 

0/-25“C 

+ 25*0 

+ 70X/ + 85X 

Id(ON) 

+ IS(ON) 

Switch ON Leakage 
Current 

VD=Vs=-14Vto +14V 


±2 

200 


±10 



ton 

Switch “ON” Time 
See Note 1 

RL=1kft, VanaLOG 
= -10V to +10V 

See Fig. 3 







flS 

toff 

Switch “OFF” Time 

RL=1kn, VanalOG 

= -10VtO +10V 

See Fig. 3 


0.5 





flS 

Q(INJ.) 

Charge Injection 

See Fig. 4 


H 





mV 

OIRR 

Min. Off Isolation 
Rejection Ratio 

f=1MH2, RL=100a 
Cl^SpF 

See Fig. 5 (Note 1) 


Q 

■ 




dB 

IV1 

+ Power Supply 
Quiescent Current 

o 

> > 
o in 

II II 
z z 
> > 

1000 

1000 

2000 

1000 



jjlA 

IV2 

- Power Supply 
Quiescent Current 

1000 

1000 

2000 

1000 

1000 

2000 

fiA 

CCRR 

Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 

One Channel Off 

1 


■ 




dB 


NOTE 1: Pull Down Resistor must be ^ 2kfl 

2: Typical values are for design aid only, not guaranteed and not subject to production testing. 


TEST CIRCUITS 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG200 



TYPICAL PERFORMANCE CHARACTERISTICS 


•'DS(on) VS Vd 
and Temperature 



Vo - ONAIN VOLTAGE (VOLTS) 


0276-8 


iD(on) 

VS Temperature* 



0276-10 


•’DS(on) VS Vd and Power 
Supply Voltage 



0276-9 


•s(pff) or iD(off) 
vs Temperature* 



T - TEMPERATURE (*C) 

0276-11 


APPLICATIONS 
Using the Vref Terminal 

The DG200 has an internal voltage divider setting the 
TTL threshold on the Input control lines for V+ equal to 
+15V. The schematic shown here with nominal resistor val¬ 
ues, gives approximately 2.4V on the Vref pin. As the TTL 
input signal goes from +0.8V to 4-2.4V, Q1 and Q2 switch 
states to turn the switch ON and OFF. 

If the power supply voltage is less than +15V, then a 
resistor must be added between V+ and the Vref pin, to 
restore + 2.4V at Vref- The table shows the value of this 
resistor for various supply voltages, to maintain TTL com¬ 
patibility. If CMOS logic levels on a + 5V supply are being 
used, the threshold shifts are less critical, but a separate 
column of suitable values is given in the table. For logic 
swings of - 5V to + 5V, no resistor is needed. 

In general, the “low” logic level should be<0.8V to pre¬ 
vent 01 and Q2 from both being ON together (this will 
cause incorrect switch function). With open collector logic, 
and a low value of pull-up resistor, the logic “low” level can 
be above 0.8V. In this case, INTERSIL can supply parts with 
thresholds> 1.5V, allowing the user to define the “low” 
as < 1.5V (consult factory). The Vref PO'Tit should be set at 
least 2.6V above this “low” state, or to>4.1V. An external 
resistor of 27kfi between V+ and Vref 'S required, for a 
+15V supply. 


v+ 

Supply 

(V) 

TTL 

Resistor 

(kn) 

CMOS 

Resistor 

(kn) 

+ 15 

- 

- 

+ 12 

100 

- 

+ 10 

51 

- 

+ 9 

(34) 

34 

+ 8 

(27) 

27 

+ 7 

18 

18 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG201 


DG201 

Quad SPST 
CMOS Analog Switch 



GENERAL DESCRIPTION 

The DG201 solid-state analog switches are designed us¬ 
ing an improved, high-voltage CMOS monolithic technology. 
They provide performance advantages not previously avail¬ 
able from solid-state switches. Destructive latch-up of solid- 
state analog gates has been eliminated by INTERSIL’S 
CMOS technology. 

The DG201 is completely specification and pin-out com¬ 
patible with the industry standard device. 


FEATURES 

• Switches Greater Than 28Vp.p Signals With ± 15V 
Supplies 

• Break-Before-Make Switching toff=250ns, 
ton = Typically 500ns 

• TTL, DTL, CMOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off 

• Complete Monolithic Construction 

• Industry Standard (DG201) 


ORDERING INFORMATION 


industry Standard 

Temperature 

Package 

Part Number 

Range 

DG201AK 

-55‘’Cto +125“C 

16-Pin CERDIP 

DG201BK 

-25'’Cto +85“C 

16-Pin CERDIP 

DG201CJ 

O^Cto +70'’C 

16-Pin Plastic DIP 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG201 


ABSOLUTE MAXIMUM RATINGS 


V+toV- .<36V 

V+ toVQ .<30V 

VotoV- .<30V 

VotoVs.<28V 

VpEFtoV- .<33V 

VREFtoViN.<30V 

VREptoGND .<20V 


^Dli^innii^DIL 


ViNtoGND .<20V 

Current (Any Terminal) .<30mA 

Storage Temperature .-65”C to +150®C 

Operating Temperature .- to +125‘’C 

Lead Temperature (Soldering, 10sec) . 300"C 

Power Dissipation. 450mW 

Derate 6mW/®C Above 70"C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absoiute 
maximum rating conditions for extended periods may affect device reiiabiiity. 


DG201 ELECTRICAL CHARACTERISTICS (Ta=25-c,v+ = + i5V,v- = -15V) 


Per Channel 

Test 

Conditions 

Min/Max Limits 

Units 

Symbol 

Characteristic 

Miiitary 

Commercial 

-55"C 

+ 25X 

+ 125X 

OX 

+ 25X 

+ 70X/ + 85X 



V|N = 0.8V See Note 1 

10 

±1 

10 

±1 

±1 

10 

jaA 


Input Logic Current 

V|N = 2.4V See Note 1 

10 

±1 

10 

±1 

±1 

10 

jliA 


Drain-Source On 
Resistance 

Is = 10mA 

VanALOG= ±10V 

80 

80 

125 

100 

100 

125 

a 

Rds(ON) 

Channel to Channel 
RdS(ON) Match 



25 

(typ) 



30 

(typ) 


n 

VaNALOG 

Analog Signal 
Handling Capability 



±15(typ) 



±15 (typ) 


V 

b(OFF) 

Switch OFF Leakage 
Current 

VanALOG = -1 4V to +1 4V 


±1 

100 


±5 

100 

nA 

IS(OFF) 

Switch OFF Leakage 
Current 

VanALOG = -1 4V to +14V 


±1 

100 


±5 

100 

nA 


Switch ON Leakage 
Current 

Vd = Vs=±14V 


±2 

200 


±5 

200 

nA 

ton 

Switch “ON” Time 
See Note 2 

RL=ika Vanalog 
=- 10V to +10V 

See Figure 3 


1.0 



1.0 


JXS 

toff 

Switch “OFF” Time 
See Note 2 

RL=1kft, Vanalog 
=- 10V to +10V 

See Figure 3 


0.5 



0.5 


jjls 

Q(INJ.) 

Charge Injection 

See Figure 4 


15(typ) 



20 (typ) 


mV 


Min. Off Isolation 
Rejection Ratio 

f=1MHz, RL=100n, 
Cl^spf 

See Figure 5 


54 

(typ) 



50 

(typ) 


dB 

I + Q 

+ Power Supply 
Quiescent Current 

V|N = 0Vto 5V 

2000 

1000 

2000 

2000 

1000 

2000 

fiA 

*"Q 

- Power Supply 
Quiescent Current 

2000 

1000 

2000 

2000 

1000 

2000 

fiA 


Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 

One Channel Off 


54 

(typ) 


1 



dB 


NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 



INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG201 


DG201 ^DfNnnii^DIL 

TEST CIRCUITS 



NOTE 2: All channels are turned off by high “1” logic inputs and all channels are turned on by low “0” inputs; however 0.8V to 2.4V describes the min. range for 
switching properly. Peak input current required for transition is typically -120jaA. Pull down resistor, if used, ^ 2Kft. 

TYPICAL PERFORMANCE CHARACTERISTICS 



-15 -10 -5 0 5 10 15 

Vd - DRAIN VOLTAGE (VOLTS) 


0277-6 



-15 -10 -5 0 5 10 15 

Vd - DRAIN VOLTAGE (VOLTS) 


0277-7 



25 45 65 55 105 125 

T - TEMPERATURE CO 


0277-8 



T - TEMPERATURE (X) 

0277-9 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE; AH typical values have been characterized but are not tested. 
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DG201 

APPLICATIONS 
Using the Vref Terminal 

The DG201 has an internal voltage divider that sets the 
TTL threshold on the input control lines for V + = 15V. The 
schematic is shown here, with nominal resistor values, giv¬ 
ing approximately 2.4V on the Vref Pin. As the TTL input 
signal goes from + 0.8V to + 2.4V, Q1 and Q2 switch states 
to turn the switch ON and OFF. 

If the power supply voltage is less than +15V, then a 
resistor needs to be added between V+ and Vref pin, to 
restore +2.4V at Vref- The table shows the value of this 
resistor for various supply voltages, to maintain TTL com¬ 
patibility. if CMOS logic levels with a + 5V supply are being 
used, the threshold shifts are less critical, but a separate 
column of suitable values is given in the table. For logic 
swings of -5V to +5V, no resistor is needed. 

In general, the “low” logic level should be <0.8V to pre¬ 
vent 01 and 02 from both being ON together (this will 
cause incorrect switch function). With open collector logic, 
and a low value of pull-up resistor, the logic ‘low* level can 
be above 0.8V. In this case, INTERSIL can supply parts with 
thresholds > 1.5V(consult factory). The Vref point should 
be set at least 2.6V above this “low” state, or to >4.1 V. An 
external resistor of 27kn and Vref is required, for a +15V 
supply. 


^DINnili^DIL 


v+ 

Supply 

(V) 

TTL 

Resistor 

(kn) 

CMOS 

Resistor 

(kn) 

+ 15 

_ 

- 

+ 12 

100 

- 

+ 10 

51 

- 

+ 9 

(34) 

34 

+ 8 

(27) 

27 

+ 7 

18 

18 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 


8-35 


DG201 




DG201A/DG202 


DG201A/DG202 

Quad Monolithic SPST CMOS 
Analog Switches 

GENERAL DESCRIPTION 

The DG201A (normally open) and DG202 (normally 
closed) quad SPST analog switches are designed using In¬ 
tersil’s new 44V CMOS process. These bidirectional 
switches are latch-proof and feature break-before-make 
switching. Designed to block signals up to 30V peak-to- 
peak in the OFF state, the DG201A/DG202 offer the ad¬ 
vantages of low on resistance (^175^), wide input signal 
range (± 15V) and provide both TTL and CMOS compatibil¬ 
ity. 

The DG201A/DG202 are specification and pin-out com¬ 
patible with the industry standard devices. 

ORDERING INFORMATION 



FEATURES 

• ± 15V Input Signal Range 

• Low RDS(on) 175(1) 

• TTL, CMOS Compatible 

• Latch Proof 

• True Second Source 

• 44V Maximum Supply Ratings 

• Logic Inputs Accept Negative Voltages 



DG201ACJ 

0"Cto +70‘’C 

16-Pin Plastic DIP 

DG202AK 

-55"Cto +125‘’C 

16-Pin CERDIP 

DG202BK 

-25‘’Cto +85'’C 

16-Pin CERDIP 

DG202CK 

O^Cto +70'’C 

16-Pin CERDIP 


DG202CJ I 0°Cto+70°C | 16-Pin Plastic DIP 


DG201A DG202 



0096-1 0096-2 

Four SPST Switches Per Package* 

Truth Table 




DG202 

0 

1 

ON 

OFF 

OFF 

ON 


Logic “0” ^ 0.8V 

Logic “1” ^ 2.4V ♦Switches Shown for Logic “1 ’’ Input 

Figure 1: Functional Diagram 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307010-001 


NOTE: AH typical values have been characterized but are not tested. 
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DG201A/DG202 


ABSOLUTE MAXIMUM RATINGS 


V+toV- .44V 

V-to Ground.-25V 

Vin to Ground (Note 1) .(V- - 2V), (V+ + 2V) 

Vs or Vd to V+ (Note 1) .+2, (V” - 2V) 

Vs or Vd to V- (Note 1) .-2, (V+ + 2V) 

Current, Any Terminal Except S or D.30 mA 

Continuous Current, S or D .20 mA 

Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max).70 mA 

Operating Temperature 

C Suffix .O^’Cto+TO^C 

B Suffix .-25‘’Cto +85“C 

A Suffix .-SSXto +125"C 


^Dli^Innii^DIL 


Storage Temperature 

C Suffix .-es^Cto ■f125"C 

A & B Suffix.- 65“C to +1 SO^C 

Lead Temperature (Soldering, 10s) . 300°C 

Power Dissipation* 

CERDIP Package**. 900 mW 

Plastic Package*** . 470 mW 


* Device mounted with all leads 
soldered or welded to PC board. 

** Derate 12 mW/“C above 75“C 
***Derate 6.5 mW/“C above 25"C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
impiied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS v+ = 15 V, v- = - 15 V, gnd = ov, Ta = 25 “C 


Symbol 

Parameter 

Test Conditions 

DG201AA/DG202A 

DG201AB, C/DG202B,C 

Units 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

SWITCH 

0 

3 

< 

z 

< 

> 

Analog Signal 
Range 


-15 


15 

-15 

' 

15 

V 

RDS(on) 

Drain Source 

On Resistance 

Vd = ± 10V, Vin = 0.8V(DG201A) 
Is = 1 mA, Vin = 2.0V (DG202) 


115 

175 


115 

200 

n 

IS(ofO 

Source OFF 
Leakage Current 

Vin = 2.4V 
(DG201A) 
Vin = 0.8V 
(DG202) 

Vs = 14V, Vd = -14V 


0.01 

1.0 


0.01 

5.0 

nA 

Vs = -14V, Vd = 14V 

-1.0 

-0.02 


-5.0 

-0.02 


iD(off) 

Drain OFF 
Leakage Current 

Vs = -14V, Vd = 14V 


0.01 

1.0 


0.01 

5.0 

nA 

Vs = 14V, Vd = -14V 

-1.0 

-0.02 


-5.0 

-0.02 


•□(on) 
(Note 4) 

Drain ON 

Leaf^age Current 

Vin = 0.8V 
(DG201A) 
Vin = 2.4V 
(DG202) 

Vd = Vs = 14V 


0.1 

1.0 


0.1 

5.0 

juA 

> 

1 

II 

CO 

> 

II 

o 

> 

-1.0 

-0.15 


-5.0 

-0.15 


INPUT 

l|NH 

Input Current with 
Voltage High 

Vin = 2.4V 

-1.0 

-0.0004 


-1.0 

-0.0004 


ju,A 

Vin = 15V 


0.003 

1.0 


0.003 

1.0 

l|NL 

Input Current with 
Voltage Low 

> 

o 

il 

c 

> 

-1.0 

-0.0004 


-1.0 

-0.0004 


jaA 


NOTE 1; Signals on Vs, Vd, or Vjn exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 
4: iD(on) is leakage from driver into ON switch. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


8-37 


DG201A/DG202 




















DG201A/DG202 


DG201A/DG202 llfllJeii^DIL 


ELECTRICAL CHARACTERISTICS v+ = 15V,V- = -15V,GND = ov.Ta = 25°c (Continued) 


Symbol 

Parameter 

Test Conditions 

DG201AA/DG202A 

DG201AB, C/DG202B,C 

Units 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

DYNAMIC 

^on 

Turn-ON Time 

See Figure 3 


480 

600 


480 

600 

ns 

toff 

Turn-OFF Time 





370 

450 

ns 

Q 

Charge Injection 

Cl = 1000 pF, Rs = 0, Vs = OV 


20 



20 


pC 

Cs(off) 

Source OFF 
Capacitance 

f = 140 kHz. Vjn = 5V, 

Vs = OV 


5.0 



5.0 


pF 

CD(off) 

Drain OFF 
Capacitance 

f = 140 kHz, Vjn = 5V, 

Vd = OV 


5.0 



5.0 


pF 

o o 

CO o 

II 

+ 

Channel ON 
Capacitance 

f = 140 kHz, V|n = OV, 

Vs = Vd = OV 


16 



16 


pF 

DIRR 

OFF Isolation 

Vjn = 5V, Zl = 75ft 

Vs = 2.0V, f =100 kHz 


70 



70 


dB 

CCRR 

Crosstalk (Channel 
to Channel) 


90 



90 


SUPPLY 

1 + 

Positive Supply 
Current 

All Channels ON or OFF 


0.9 

2 


0.9 

2 

mA 

1- 

Negative Supply 
Current 

-1 

-0.3 


-1 

-0.3 


mA 

Ta = over operating temperature range 

SWITCH 

Vanalog 

Analog Signal 
Range 


-15 


15 

-15 


15 

V 

RDS(on) 

Drain-Source 

ON Resistance 

Vd = ±10V, V|n = 0.8V(DG201A) 
Is = 1 mA, V|n = 2.4V (DG202) 



250 



250 

ft 

•S(off) 

Source OFF 
Leakage Current 

Vin = 2.4V 
(DG201A) 
Vin = 0.8V 
(DG202) 

Vs = 14V, Vd = -14V 



100 



100 

nA 

Vs = -14V, Vd = 14V 

-100 



-100 



iD(off) 

Drain OFF 

Leakage Current 

Vs= -14V, Vd= 14V 



100 



100 

nA 

Vs = 14V, Vd= -14V 

-100 



-100 



iD(on) 
(Note 4) 

Drain ON 

Leakage Current 

Vin = 0.8V 
(DG201A) 
Vin = 2.4V 
(DG202) 

Vd = Vs = 14V 



200 



200 

juiA 

Vd ~ Vs = — 14V 

-200 



-200 



INPUT 

l|NH 

Input Current with 
Voltage High 

Vin = 2-4V 

-10 



-10 



jutA 

Vin - 15V 



10 



10 

l|NL 

Input Current with 
Voltage Low 

< 

3 

II 

o 

< 

-10 



-10 



jxA 


NOTE 1: Signals on Vs, Vq, or Vjn exceeding V+ or V“ will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 
4: iD(on) is leakage from driver into ON switch. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG201A/DG202 


TEST CIRCUITS 


Logic “0" - SW ON 



* Logic Shown for DG201 A, Invert for DG202. 


Vo = Vs 


Rl 


Rl + RDS(on) 


+ 15V 



Figure 3: ton and toff Switching Test 


AVn 



INv ON 


\ 


OFF 




AVq = measured voltage error due to charge injection 
The error voltage in coulombs is AQ = Cl = AVq. 

Figure 4: Charge Injection Test Circuit 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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g DG201A/DG202 ^DO^jnnl^fllL 


o 

O TEST CIRCUITS (Continued) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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DG211/DG212 

SPST 4-Channel Analog Switch 



GENERAL DESCRIPTION 

The DG211 and DG212 are low cost, CMOS monolithic, 
QUAD SPST analog switches. These can be used in gener¬ 
al purpose switching applications for communications, in¬ 
strumentation, process control and computer peripheral 
equipment. Both devices provide true bidirectional perform¬ 
ance in the ON condition and will block signals to 30V peak- 
to-peak in the OFF condition. The DG211 and DG212 differ 
only in that the digital control logic is inverted, as shown in 
the truth table. 

DG211 and DG212 are available in 16-pin Dual-ln-Line 
plastic packages or 16-pin small outline packages and are 
rated for operation over 0“C to 70*C. 


FEATURES 

• Switches ± 15V Analog Signals 

• TTL Compatibility 

• Logic Inputs Accept Negative Voltages 

• Ron^ 175 Ohm 

ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

DG211CJ 

O^’Cto +70*C 

16-Pin Plastic DIP 

DG212CJ 

0"Cto +70“C 

16-Pin Plastic DIP 

DG211CY 

O-’Cto +38‘’C 

16-Pin S.O. 

DG211CY 

O^Cto +38"C 

16-Pin S.O. 


DG211 


DG212 


INlO-^ 


•n20— 

'N 30 — 

'^4 0- I 


-O Di 
O S2 


-O D2 
-o S3 


-0D3 
■o S4 


°—f 


■O D4 
0278-1 

Four SPST Switches per Package 

Switches Shown for Logic “1 ” Input 

Truth Table 


1 N 4 O-—1 ^—^ ^ 


■O Di 

S 2 


■o D2 
-0S3 


-0D3 
■0 S4 


D4 

0278-2 


Logic 

DG211 

DG212 

0 

ON 

OFF 

1 

OFF 

ON 


Logic “0”^0.8V 
Logic “1”^2.4V 
Figure 1: Functional Diagrams 


Duai-ln-Line or S.O. Package 


iniDI 

Di[I 

Si[T 

V-E 

gnd[T 

S4II 

D 4 E 


T6]IN2 

15] 02 
i4]S2 

T3]VMSUBSTRATE)| 
i2jVi(+5V) 

HI S 3 
io|D 3 

I]l»3 


TOP VIEW 


Figure 2: Pin Configuration 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307020-001 


NOTE: AH typical values have been characterized but are not tested. 
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DG211/DG212 


DG211/DG212 


^Dlim^DIL 


ABSOLUTE MAXIMUM RATINGS 


V+toV- .44V 

V|N to Ground .V“,V+ 

VLtoGround .-0.3V.25V 

VsorVDtoV+ .0,-36V 

VsorVptoV- .0,36V 

V+ to Ground.25V 

V~ to Ground.-25V 

Current, Any Terminal Except S or D .30mA 

Continuous Current, S or D.20mA 

Peak Current, S or D 

(Pulsed at 1 msec, 10% duty cycle max) .70mA 

Storage Temperature .-65‘*Cto+125“C 


Operating Temperature.0“Cto +70“C 

Lead Temperature (Soldering, 10sec) .SOO^C 

Power Dissipation (Package)* 

16 Pin Plastic DIP**.470mW 


* Device mounted with ail leads soldered or welded to PC board. 

** Derate 6.5mW/°C above 25'’C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta=25»C) 


Symbol 

Parameter 

Test Conditions 

Vi= + 15V, V2=-15V, 
Vl=+5V, GND 

Limits 

Units 

MINI 

TYP2 

MAX 

SWITCH I 

Vanalog 

Analog Signal Range 

V- = -15V, Vl=+5V 

-15 


15 

V 

Rds(on) 

Drain-Source On Resistance 

Vd = ± 10V, V|N = 2.4V — DG212 

Is = 1 mA, V|N = 0.8V — DG211 


150 

175 

n 

Is(off) 

Source OFF Leakage Current 

V|n = 2.4V 

DG211 

Vin = 0.8V 

DG212 

Vs=14V, Vd=-14V 


0.01 

5.0 

nA 

Vs= -14V, Vd=14V 

-5.0 

-0.02 


iD(off) 

Drain OFF Leakage Current 

Vd=14V, Vs=-14V 


0.01 

5.0 

Vd==-14V, Vs=14V 

-5.0 

-0.02 


Id(ON) 

Drain ON Leakage Current^ 

Vs=Vd= -14V, V|n = 0.8V. DG211 

V|n = 2.4V, DG212 


0.1 

5.0 

-5.0 

-0.15 


INPUT I 

l|NH 

Input Current With Input Voltage High 

V|n = 2.4V 

-10 

-0.0004 


jaA 

V|n==15V 


0.003 

1.0 

l|NL 

Input Current With Input Voltage Low 

< 

z 

II 

o 

< 

-1.0 

-0.0004 


DYNAMIC I 

ton 

Turn-ON Time 

See Switching Time Test Circuit^ 

Vs = 10V. Rl = 1 kCl, Cl= 35pF 


460 

1000 

ns 

toffi 

toff2 

Turn-OFF Time 


360 

500 


450 


Cs(off) 

Source OFF Capacitance 

Vs=OV, V|N=5V, f = 1 MHz2 

VD=0V,V|N = 5V,f=1MHz2 
VD=Vs=0V,V|N = 0V,f=1MHz2 


5 


PF 

CD(off) 

Drain OFF Capacitance 


5 


CD + S(on) 

Channel ON Capacitance 


16 


OIRR 

OFF Isolation^ 

V|N = 5V, Rl= 1 k(l, Cl= 15pF, 
Vs=1VRMS,f=100kHz2 


70 


dB 

CCRR 

Crosstalk 

(Channel to Channel) 


90 



1 + 

Positive Supply Current 

V|N = 0 and 2.4V 


.1 

10 


1- 

Negative Supply Current 


.1 

10 

II 

Logic Supply Current 


.1 

10 


NOTES: 1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 
2. For design reference only, not 100% tested. 

3- •□(on) is leakage from driver into “ON” switch. 

Vg 

4. OFF Isolation = 20log-^. Vs = input to OFF switch, Vn = output. 

Vd 

5. Switching times only sampled. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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DG211/DG212 


Switch output waveform shown for Vs=constant with 
logic input waveform as shown. Note the Vs may be + or 
- as per switching time test circuit. Vq is the steady state 
output with switch on. Feedthrough via gate capacitance 
may result in spikes at leading and trailing edge of output 
waveform. 


LOGIC* 



INPUT (IN^) .\ 

< 20 m 50% - 

tf < 20 ns 

1 

L 

SWITCH _ 


toffi 


+ 0 9 Vo 

- i 0.9 Vo 

SWITCH 

_ h 

jLo.1 Vo 

OUTPUT (Vq) *“““ 

*on 

»off2 h»- 

0278-4 

Figure 3: Switching Time Test Circuit 

Logic shown for DG211. Invert for DG212. 


SWITCH 

+ 6V +15V 

<j>VL <j>V + 

SWITCH 

OUTPUT 

INPUT 

Si 



1 «L‘ 

[ T 

> iCL 

LOGIC 

INPUT p 



f 

A QND A 

OV - 15V 

Rl 

Vq.Vs r-=- 

Rl + rDS<on) 

0278-5 

Figure 4: Switching Time Test Circuit 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG300A/DG301A/DG302A/DC303A 


DG300A/DG301A/ 

DG302A/DG303A 

TTL Compatible 
CMOS Analog Switches 

GENERAL DESCRIPTION 

The DG300A-303A family of monolithic CMOS switches 
are a truly compatible second source of the original manu¬ 
facturer. The switches are latch-proof and are designed to 
block signals up to 30 volts peak-to-peak when OFF. Fea¬ 
turing low leakage and low power consumption, these 
switches are ideally suited for precision application in instru¬ 
mentation, communication, data acquisition and battery- 
powered applications. Other key features include Break- 
Before-Make switching, TTL and CMOS compatibility, and 
low ON resistance. Single supply operation (for positive 
switch voltages) is possible by connecting V“ to 0 volts. 

The DG300A--DG303A family is available over commer¬ 
cial, industrial, and military temperature range. 



FEATURES 

• Low Power Consumption 

• Break-Before-Make Switching toff 130 ns, ton 150 ns 
Typical 

• TTL, CMOS Compatible 

• Low RDS(on) (^50ft) 

• Single Supply Operation 

• True Second Source 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

DG300A/301A/ 

302A/303AAK 

-55"C to -f 125"C 

14-Pin CERDIP 

DG300A/301A/ 

302A/303ABK 

-25*Cto +85'’C 

14-Pin CERDIP 

DG300A/301A/ 

302A/303ACK 

0"Cto +70“C 

14-Pin CERDIP 

DG300A/301A/ 

302A/303ACJ 

O^Cto +70‘’C 

14-Pln Plastic DIP 

DG300A/301AAA 

-55“Cto +125'’C 

10-Pin Metal Can 

DG300A/301ABA 

-25'*Cto +85“C 

10-Pin Metal Can 

DG300A/301ACA 

0°Cto +70"C 

10-Pin Metal Can 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 


MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


307025-001 


NOTE: AH typical values have been characterized but are not tested. 
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DG300A/DG301A/DG302A/DG303A 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG300A/DG301A/DG302A/DG303A 


DG300A/DG301A/DG302A/DG303A ^DIFinii^OL 


ABSOLUTE MAXIMUM RATINGS 


V+ toV- .44V 

V“ to Ground.-25V 

V|N to Ground (Note 1).(V- - 2V). (V+ + 2V) 

Vs or Vd to V+ (Note 1).+2, (V- - 2V) 

Vs or Vd to V- (Note 1).-2, (V+ + 2V) 

Current, Any Terminal Except S or D.30 mA 

Continuous Current, S or D.30 mA 

Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max) .100 mA 

Operating Temperature 

C Suffix .0*Cto +70*C 

B Suffix.-25”C to + SS^’C 

A Suffix.....-55Xto +125"C 


Storage Temperature 

C Suffix.-65®C to + 125*C 

A & B Suffix.-65“C to +150“C 

Lead Temperature (Soldering, 10s).300®C 

Power Dissipation* 

CERDIP Package**.825 mW 

Plastic Package***.470 mW 

Metal Can****.450 mW 


^Device mounted with all leads soldered or welded to PC board. 

•♦Derate 11 mW/®C above 75“C 
•••Derate 6.5 mW/'C above 25*C 
•••♦Derate 6 mW/®C above 75®C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri' 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS v+ = 15V, v- = -15 v,gnd = ov.Ta = 25"C 







DG300A-DG303AB/C 

Bi 

Symbol 

Parameter 








Units 

SWITCH I 


Analog Signal Range 

Is = 10 mA, V|N = 0.8V or 4V 



mm 



mm 

a 

RDS(on) 

Drain-Source 

ON Resistance 








50 

ft 






30 

50 




•S(off) 

Source OFF 

Leakage Current 

V|N = 0.8V 
or 

V|N = 4.0V 




1 



5 





■ 

-0.1 



mui 


•□(off) 

Drain OFF 

Leakage Current 




n 


D 


nA 





■ 






•□(on) 

Drain ON 


Vd = Vs = 14V 


0.1 

1 


0.1 

5 



Leakage Current 



-2 

-0.1 


-5 

-0.1 


INPUT I 

•iNH 

Input Current 

V|N = 5.0V 

-1 

-0.001 


-1 

-0.001 


IQQI 


w/Voltage High 

V,N = 15V 



mm 


0.001 

1 

•iNL 

Input Current 
w/Voltage Low 

V|N = OV 

-1 



-1 

-0.001 


IQQI 

DYNAMIC I 

ton 

Turn-ON Time 

See Figure 5 


150 

300 


150 



toff 

Turn-OFF Time 





130 




Break-Before-Make 

Interval 

See Figure 4 DG301A/303A 


50 



50 


ns 

Q 

Charge Injection 

Cl = 1 juF, Rs — 0, Vs = 0 


3 



3 


IBW 


Source OFF Capacitance 


Vs = 0 







EH 


Drain OFF Capacitance 


Vd = 0 


14 



14 


O 


Channel ON Capacitance 

o 

II 

o 

> 

II 

■1 

40 



40 


PF 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DG300A/DG301A/DG302A/DG303A 


@DIFs!firiii^DIL 


ELECTRICAL CHARACTERISTICS v+ = 15V, v- = -15V, GND = ov, Ta = 25°C (Continued) 


Symbol 

Parameter 

Test Conditions 









Max 

DYNAMIC (Continued) 

C|N 

Input Capacitance 




6 



6 





7 



7 


DIRR (Note 4) 

OFF Isolation 

V|N = 0, Rl = 1k 

Vs = 1Vrms. f = 500 kHz 


62 





dB 

CCRR 

Crosstalk 

(Channel to Channel) 

■ 


■ 

■ 


■ 

SUPPLY 1 

1 + 

Positive Supply Current 

V|N = 4V (One Input) 

(All Others = 0) 


0.23 

0.5 


0.23 

0.5 

mA 

1- 

Negative Supply Current 


-0.001 


-10 

-0.001 


jaA 

1 + 

Positive Supply Current 

V|N = 0.8V (All Inputs) 


0.001 

10 


0.001 

10 

fxA 

1- 

Negative Supply Current 

-10 

-0.001 


-10 

-0.001 


jxA 


Ta = over operating temperature range 


8 


NOTE 1: Signals on Vs, Vq, or Vin exceeding V+ or V~ will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 

2: For design only, not 100% tested. 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet, 

4: OFF isolation = 20 log Vs/Vq, where Vs = input to OFF switch, and Vq = output. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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Symbol 

Parameter 

Test Conditions 

DG300A-DG303AA 

DG300A-DG303AB/C 

Units 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

SWITCH 

Vanalog 

Analog Signal Range 

Is = 10 mA, V|N = 0.8V or 4V 

-15 


15 



mm 

a 

RDS(on) 

Drain-Source 

ON Resistance 

V|N = 0.8V 
or 

V|N = 4.0V 

Is = -10mA,VD = 10V 



75 



wm 

B 

Is = 10mA,VD = -10V 







IS(off) 

Source OFF 

Leakage Current 

Vs = 14V, Vd = -14V 






100 

nA 

Vs = -14V, Vd = 14V 







iD(off) 

Drain OFF 

Leakage Current 

Vs = -14V, Vd = 14V 








Vs = 14V, Vd = -14V 






bh 


Drain ON 

Leakage Current 

Vd = Vs = 14V 



100 



100 

nA 

Vd = Vs = -14V 







INPUT 



V|N = 5.0V 

Bl 







V|N = 15V 



1 




•iNL 

Input Current 
w/Voltage Low 

V,N = OV 

-1 






fxA 

SUPPLY 

lEHH 

Positive Supply Current 

V|N = 4V (One Input) 

(All Others = 0) 



1 




B9 

BHI 

Negative Supply Current 







^99 

DHi 

Positive Supply Current 

V|N = 0.8V (All Inputs) 



100 





BHI 

Negative Supply Current 

-100 






IQ 


DG300A/DG301A/DG302A/DG303A 






























veoeoc 


DG300A/DG301A/DG302A/DG303A 

SWITCHING INFORMATION 


^DINruli^DIL 


< 

M 

O 

CO 

O 

Q 


O 

CO 

s 

< 

o 

o 

CO 

o 

o 





INy ON \ OFF / ON 


V 

/Tn 


The Error Voltage in Coulombs is AQ = Cl X AVq. 

Figure 3: Charge Injection Test Circuit 


LOGIC "r'=SWITCH ON 


LOGIC 
INPUT ov 

Vsi- 

SWITCH 
OUTPUT Voi . 

'^$2 - 
SWITCH “ 
OUTPUT 



/ 50% \ 

/ov . ' 

U - ^ 




—^ 


f— 

ov^ 

.50% 



♦15V 



Figure 4: Break-Before-Make Switching Test SPOT (DG301A, DG303A) 


♦15V 
>V+ 


INPUT 'NH 

tf.<20 ns ov / 

tf<20 ns 

' V 

^ 50% ^ 



SWITCH 
niiTPiiT QY 

J 



^ 90% 

^ON ^0FF~^ 

\io% 



J- 


S 

Vs = 3VC>- 


LOGIC 

OUTPUT 


I 


■D-O 


GND 


T 


SWITCH 

OUTPUT 


H^Vo 

300 kAT 33 pF 


) V- 
-15V 


Figure 5: ton and toff Switching Test 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DGM181-186, DGM189-191 

High-Speed 
CMOS Analog Switch 



GENERAL DESCRIPTION 

The DGM181 family of CMOS monolithic switches utilizes 
Intersil’s latch-free junction isolated processing to combine 
the speed of the hybrid DG181 family with the reliability and 
low power consumption of a monolithic CMOS construction. 
These devices, therefore, are a cost effective replacement 
for the DG181 family. 

The DGM181 family has a high state threshold of 2.4V; 
and a low state of + 0.8V. 

Very low quiescent power is dissipated in either the ON or 
OFF state of the switch. Maximum power supply current is 
lOjiiA from any supply, and typical quiescent currents are in 
the 10nA range. OFF leakages are typically less than 200pA 
at 25‘’C. 


ORDERING INFORMATION 


Type 

Standard 

Part 

Number 

rDS(on) 

Max 

at 25°C 

Dual SPST 

DGM181BX 

50 


DGM182AX 

50 


DGM182BX 

75 

Dual DPST 

DGM184BX 

50 


DGM185AX 

50 


DGM185BX 

75 

Dual SPDT 

DGM190BX 

50 


DGM191AX 

50 


DGM191BX 

75 


FEATURES 

• Pin and Function Replacement for DG181 Family 

• Meets or Exceeds All DG181 Family Specifications 
With Monolithic Reliability 

• Low Power Consumption 

• InA Leakage From Signal Channel in Both ON and 
OFF States 

• TTL, DTL, RTL Direct Drive Capability 

• ^on> toff < 150ns, Break-Before-Make Action 

• Crosstalk and Open Load Switch isolation > 50dB at 
10MHz (75n Load) 




NOTE: Vi of DGM182 

Figure 1: Functional Diagram (Typical Channel) 


0279-1 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


8-49 


DGM181-186, DGM189-191 








DGM181-186 

DQM189-191 


DUAL SPST (DGM181,182) 


Metal Can Package 

s. 


Dual-ln>Une Package 




(OUTLINE DWGS JD, PD) 


(OUTLINE DWG TO-100) 


SWITCH STATES ARE FOR LOGIC “1” INPUT 


DUAL DPST (DGM184,185) 

Dual-In-Line Package 



(OUTLINE DWGS JE, PE) 

SWITCH STATES ARE FOR LOGIC “1” INPUT 

DUALSPDT(DGM190,191) 

CERCIP* 



(OUTLINE DWGS JE, PE) 

SWITCH STATES ARE FOR LOGIC "V 


INPUT 


Figure 2: Pin Configuration and Switching State Diagram 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DGM181-186 

DGM189-191 


^DIMUli^DIL 


ABSOLUTE MAXIMUM RATINGS 


V+-V-.36V 

V- -Vd .33V 

Vd-V- .33V 

Vd-Vs.28V 

VI- V- .36 V 

Vl-V|n .30V 

Vl”VgnD . 20V 

V|N-Vgnd.20V 

GND-V- .27V 


GND-V|n .20V 

Current (Any Terminal).30mA 

Storage Temperature .to +1 SO^C 

Operating Temperature .- 55“C to +125“C 

Lead Temperature (Soldering, 10sec) .OOO^C 

Power Dissipation* . 450 (TW), 750 (FLAT), 

825(DIP)mW 

* Device mounted with all leads welded or soldered to PC board. Derate 
6mW/*C (TW); 10mW/*C (FLAT); 11mW/*C (DIP) above 75“C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (V+ = +15V. v- = -15V, Vl= 5V, unless noted) 


Parameter 

Device No. 

Test Conditions 
(Note 1) 

A Series 

B Series 

Units 

-55"C 

+ 25^ 

+ 125X 

-20^ 

±25X 

+ 85^ 

SWITCH 1 


IS(off) 

DGM181,184,190 

Vs = 7.5V, Vd=-7.5V 

V,n = “OFF” 





±2.0 

200 

nA 

DGM182,185,191 

Vs = 10V, Vd=-10V 

V,n = “OFP> 




■ 

B 

200 

nA 

iD(off) 

DGM181,184,190 

Vs = 7.5V, Vd=-7.5V 

V,n = “OFP’ 


±1 

100 


B 

200 

nA 

DGM182,185,191 

Vs=10V, Vd=-10V 
Vin=“OFP- 


±1 

100 





•D(on) + IS(on) 

DGM181,184,190 

Vd = Vs= -7.5V, V|n = “ON” 


±2 

±200 


±5 

500 

^2^ 

DGM182,185,191 

Vd = Vs=-10V, V|n = “ON” 


±2 

±200 


±5 

500 


INPUT 


l|NL 

ALL 

V,N = 0V 


±1.0 

20 


10 

20 


l|NH 

ALL 

V,n = 5V 


±1.0 

20 


10 

20 

my 

DYNAMIC 


ton 

DGM181,184,190 
DGM182,185,191 

See switching time test circuit 







B 

toff 

ALL 







Cs(off) 

DGM181,182,184,185, 

190,191 

Vs=-5V, lD = 0,f=1MHz 

5pF typical 

1 

CD(off) 

Vd=+ 5V, ls = 0,f=1MHz 

6pF typical 

CD(on) + Cs(on) 

VD=Vs = 0,f=1MHz 

11 pF typical 

OFF Isolation 

Rl_=75ft, Cl=3pF 

Typically>50dB at 10MHz 

SUPPLY 


1 + 

ALL 

V|n = 5V 

rai 

10 





|IjlA 

1- 

ALL 

■9 

mm 





iL 

ALL 

10 

mm 



■HUB 


•gnd 

ALL 

mm 

mm 

100 




1+ 

ALL 

V,N = 0V 

mm 

10 





I- 

ALL 

mm 


100 


100 


II 

ALL 

mm 


100 


100 



ALL 

mm 




100 



Note: 1. See Switching State Diagrams for V|n and Vim “OFF” Test Conditions. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 



NOTE: AH typical values have been characterized but are not tested. 
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DGM181-186, DGM189-191 










































89-191 


DGM181-186 
DGM189-191 

g ELECTRICAL CHARACTERISTICS maximum resistances rDS(ON) 

a 

Q 

<0 

09 




Device 

Number 


Conditions (Note 1) 

V+ = 15V, Vj- = -15 V,Vl=5V 


Military Temperature 

Industrial 

Temperature 

Units 

-55X 

+ 25‘*C 

H-iasx 





_ 

_ 

_ 

50 

50 

75 

ft 

50 

50 

75 

75 

75 

100 

ft 

30 

30 

60 

50 

50 

75 

ft 

50 

50 

75 

75 

75 

100 

ft 

30 

30 

60 

50 

50 

75 

ft 

50 

50 

75 

75 

75 

100 

ft 


o 

o 


DGM181 

DGM182 

DGM184 

DGM185 

DGM190 

DGM191 


Vd=-7.5V 

Vd=-10V 

Vd=-7.5V 

Vd=-10V 

Vd=-7.5V 

Vd=-10V 


ls=-10mA 


APPLICATION COMMENT: The charge injection in these switches is of opposite polarity to that of the standard DG180 family, but considerably smaller. 

SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = constant with 
logic input waveform as shown. Note that Vs may be + or 
- as per switching time test circuit. Vq is the steady state 


output with switch on. Feedthrough via gate capacitance 
may result in spikes at leading and trailing edge of output 
waveform. 


LOGIC 
INPUT 
tr< 10ns 
tf<10n8 


SWITCH 

INPUT 


OUTPUT 



0279-12 

Figure 3: Logic Input for “OFF” to “ON” Condition (DGM181/182 Shown) 


Vl 



JL. 


"^DSiON) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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DGM181-186 

DGM189-191 

SWITCH STATES 

DUAL SPST DGM181/182 


Test Conditions 


DGM181/182 

Vin“ON” = 0.8V 

V|N “OFF* = 2.4V 

All Channels 

All Channels 


DUAL DPST DGM184/185 

Test Conditions 


DGM184/185 

V|n“ON” = 2.4V 

V|N “OFF” = 0.8V 

All Channels 

All Channels 


^DG^innii^DIL 


DUAL SPDT DGM190/191 

Test Conditions 


DGM190/191 

Vin“ON” = 2.4V 


Channels 1 & 2 

V|n“ON” = 0.8V 


Channels 3 & 4 

V|N “OFF” = 2.4V 


Channels 3 & 4 

V|N “OFF” = 0.8V 


Channels 1 & 2 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH311/IH312 


IH311/IH312 

High Speed SPST 
4-Channel Analog Switch 

GENERAL DESCRIPTION 

The IH311 and IH312 are CMOS, monolithic, QUAD, 
SPST analog switches for use in high-speed switching appli¬ 
cations for communications, instrumentation, process con¬ 
trol and computer peripherals. Both devices provide true bi¬ 
directional performance in the ON condition and will block 
signals to 30V peak-to-peak In the OFF condition. The 
IH311 and IH312 differ only in that the digital control logic is 
inverted, as shown in the truth table. 

The IH311 and IH312 are available in 16-pin Dual-ln-Line 
packages and are offered in both military and commercial 
temperature ranges. 


FEATURES 

• Switches ± 15V Analog Signals 

• TTL Compatibility 

• Logic Inputs Accept Negative Voltages 

• Ohm 

ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

IH311MJE 

-55"Cto +125”C 

16 Pin CERDIP 

IH311CJE 

O^Cto +70“C 

16 Pin CERDIP 

IH311CPE 

OXto +70X 

16 Pin Plastic DIP 

IH312MJE 

-55Xto +125X 

16 Pin CERDIP 

IH312CJE 

OX to +70X 

16 Pin CERDIP 

IH312CPE 

OX to +70X 

16 Pin Plastic DIP 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307040-002 

NOTE: AH typical values have been characterized but are not tested. 8-54 









IH311/IH312 


^OIRSifil^DIL 


ABSOLUTE MAXIMUM RATINGS 


V+toV- .44V 

V|(si to Ground .V+,V+ 

Vl to Ground .-0.3V, 25V 

VsorVDtoV+ .0,-36V 

VsorVptoV- .0.40V 

V+ to Ground.25V 

V“ to Ground.-25V 

Current, Any Terminal Except S or D .30mA 

Continuous Current, S or D.20mA 


Peak Current, S or D 

(Pulsed at 1 msec, 10% duty cycle max) .70mA 

Storage Temperature .-65®Cto+125“C 

Operating Temperature .- 55‘’C to +125'’C 

Power Dissipation (Package)* 

16 Pin Plastic DIP**.470mW 


* Device mounted with all leads soldered or welded to PC board. 
** Derate 6.5mW/*C above 25“C 


ELECTRICAL CHARACTERISTICS — MILITARY TEMPERATURE RANGE 


Symbol 

Parameter 

Test Conditions 

Vi= + 15V, V2=-15V 
Vl=5V, GND 

Limits 

Units 

-55"C 

+ 25*C 

+ 125*C 

1 SWITCH 1 

Vanalog 

Analog Signal Range 

V- = -15V, Vl=+5V 


±15 


V 

Rds(on) 

Drain-Source On Resistance 

Vd=± 10V, 
Is = 1mA, V| 

V|n = 2.4V —IH312 

N = 0.8V —IH311 

150 

175 

150 

175 

200 

250 

n 

•s(off) 

Source OFF Leakage Current 

V|n = 2.4V 
IH311 

V|n = 0.8V 
IH312 

Vs=14V, Vd=-14V 


±1 

100 

nA 

Vs=-14V,Vd=14V 


±1 

100 

■□(off) 

Drain OFF Leakage Current 

Vd = 14V, Vs=-14V 


±1 

100 

Vd=-14V,Vs=14V 


±1 

100 

b(ON) 

Drain ON Leakage Current^ 

at 

Vs = Vd = -14V, V|N = 0.8V, IH311 
V|n = 2.4V,IH312 


±2 

200 


±2 

200 

1 INPUT 1 


Input Current With Input 
Voltage High 

V|n = 2.4V 

10 

±1 

10 

fxA 

V|n=15V 

10 

±1 

10 

l|NL 

Input Current With Input 

V,N = 0V 

10 

±1 

10 

1 DYNAMIC 1 

ton 

Turn-ON Time 

See Switching Time Test Circuit 

Vs = 10V, Rl = 1 kn. Cl = 35pF 


300 


ns 

toffi 

toff2 

Turn-OFF Time 


150 






Source OFF Capacitance 

Vs=0V, V|N = 5V,f=1MH22 
VD=0V,V|N = 5V,f=1MHz2 

Vd = Vs = OV, V|N = OV, f = 1 MHz2 


5 


PF 

1^^911 

Drain OFF Capacitance 


5 


CD + S(on) 

Channel ON Capacitance 


16 


OIRR 

OFF lsolatlon4 

V|N = 5V, Rl = 1 kn. Cl = 1 5pF, 

Vs=1VRMS,f= 100kHz 2 


70 



CCRR 

Crosstalk 

(Channel to Channel) 


90 


SUPPLY 1 


Positive Supply Current 

V|N = 0and 2.4V 

10 

1 

10 

jliA 

nHHi 

Negative Supply Current 

10 

1 

10 


Logic Supply Current 

10 

1 

10 


NOTES: 1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 

2. For design reference only, not 100% tested. 

3. iD(on) is leakage from driver into “ON” switch. 


Vs 

4. OFF Isolation = 20log~. Vs=input to OFF switch, Vd = output. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH311/IH312 


ABSOLUTE MAXIMUM RATINGS 

V+toV- . 44V 

V||sj to Ground .V+,V+ 

Vl to Ground .-0.3V, 25V 

VsorVDtoV+ .0,-36V 

VsorVotoV- .0,40V 

V+ to Ground.25V 

V“ to Ground.-25V 

Current, Any Terminal Except S or D .30mA 

Continuous Current, S or D.20mA 

ELECTRICAL CHARACTERISTICS — COMMERCIAL TEMPERATURE RANGE 


Peak Current, S or D 

(Pulsed at 1 msec, 10% duty cycle max) .70mA 

Storage Temperature .-65‘’Cto-1-125®C 

Operating Temperature.0°Cto +70°C 

Power Dissipation (Package)* 

16 Pin Plastic DIP**.470mW 

* Device mounted with ali leads soldered or welded to PC board. 

** Derate 6.5mW/®C above 25°C 


Symbol 

Parameter 

Test Conditions 

Vi= + 15V, V2=-15V, 
Vl=5V, GND 

Limits 

Units 

+ 25X 

+ 70X 

SWITCH I 

Vanalog 

Analog Signal Range 

V- = -15V, Vl=+5V 

+ 15 


V 

Rds(on) 

Drain-Source On Resistance 

Vd=± 10V, 
Is = 1mA, V| 

V|n = 2.4V —IH212 
^ = 0.8V —IH211 

175 

200 

n 

Is(off) 

Source OFF Leakage Current 

V|n = 2.4V 
IH311 

V|n = 0.8V 
IH312 

Vs=14V, Vd=-14V 

±5 

100 

nA 

Vs=-14V, Vd=14V 

±5 

100 

iD(off) 

Drain OFF Leakage Current 

Vd=14V, Vs=-14V 

±5 

100 

Vd=-14V, Vs=14V 

+ 5 

100 

Id(ON) 

Drain ON Leakage Currents 

Vs=Vd= -14V, V|n = 0.8V, IH211 

V|n = 2.4V, IH212 

±5 

200 

±5 


INPUT I 

l|NH 

Input Current With Input Voltage High 

Vin = 2.4V 

±1 

-10 


V|n=15V 

±1 

10 

l|NL 

Input Current With Input Voltage Low 

> 

o 

II 

z 

> 

±1 

-10 

DYNAMIC I 

i ton 

Turn-ON Time 

See Switching Time Test Circuit 5 

Vs = 10V, Rl= Ikn, Cl = 35pF 

500 




Turn-OFF Time 

250 





Source OFF Capacitance 

Vs = OV, V|N = 5V, f = 1 MHz2 

Vd=OV, V|isi = 5V, f = 1 MHz2 2 

Vd=V s == OV, V|N = OV, f = 1 MHz2 

5 


■ 


Drain OFF Capacitance 

5 



Channel ON Capacitance 

16 


OIRR 

OFF lsolation4 

V|N = 5V, Rl = 1 kft, Cl = 15pF, 

Vs=1VRMS,f= 100kHz 2 

70 



CCRR 

Crosstalk 

(Channel to Channel) 



I SUPPLY I 

I + 

Positive Supply Current 

V|N = 0and 2.4V 

±1 

10 


I- 

Negative Supply Current 

±1 

-10 

II 

Logic Supply Current 

±1 

10 


NOTES: 1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 
2. For design reference only, not 100% tested. 

3- iD(on) is leakage from driver into “ON” switch. 

Vs 

4. OFF Isolation=20log -f -, Vs=input to OFF switch, Vd= output. 

Vd 

5. Switching times only sampled. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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IH311/IH312 


Switch output waveform shown for Vs=constant with 
logic input waveform as shown. Note the Vs may be + or 
- as per switching time test circuit. Vq is the steady state 
output with switch on. Feedthrough via gate capacitance 
may result in spikes at leading and trailing edge of output 
waveform. 


LOGIC 
INPUT <INi) 


SWITCH 
OUTPUT IVo) 


— 

50% ■ 


r- 


0 

s — 


toff l|- 

— 


^"0.9 Vo 


r^vo 

[^0.^ Vo 

1 

ton 

toff2 

t 


•logic SHOWN FOR DG211. INVERT FOR DG212 

Figure 3: Switching Time Test Circuit 

Logic shown for IH311. Invert for IH312. 


♦5V +15V 



Figure 4: Switching Time Test Circuit 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH311/IH312 


^fllFijnriii^DIL 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH401/IH401A 

QUAD Varafet Analog Switch 



GENERAL DESCRIPTION 

The IH401 is made up of 4 monollthically constructed 
combinations of a varactor type diode and an N-channel 
JFET. The JFET itself is very similar to the popular 2N4391, 
and the driver diode is specially designed, such that its ca¬ 
pacitance is a strong function of the voltage across it. The 
driver diode is electrically in series with the gate of the N- 
channel FET and simulates a back-to-back diode structure. 
This structure is needed to prevent forward biasing the 
source-to-gate or drain-to-gate junctions of the JFET when 
used in switching applications. 

Previous applications of JFETs required the addition of 
diodes, in series with the gate, and then perhaps a gate-to- 
source referral resistor or a capacitor in parallel with the 
diode; therefore, at least 3 components were required to 
perform the switch function. The IH401 does this same job 
in one component (with a great deal better performance 
characteristics). 

Like a standard JFET, to practically perform a solid state 
switch function a translator should be added to drive the 
diode. This translator takes the TTL levels and converts 
them to voltages required to drive the diode/FET system 
(typically a OV to -15V translation and a 3V to +15V shift). 
With ±15V power supplies, the IH401 will typically switch 
18Vp.p at any frequency from DC to 20MHz, with less than 
30ft RDS(on)- The IH401A will typically switch 22Vp.p with 
less than 50ft RDS(on)- 




0283-1 

Figure 1: Pin Configuration 
(Outline Dwg JE) 


FEATURES 

• RDS(on)=25ft Typical (IH401) 

• iD(off) of lOpA Typical 

• Switching Times of 25ns for ton and 75ns for toff 
(RL=1kft) 

• Built-In Overvoltage Protection (± 25V) 

• Charge Injection Error of 3mV Typical Into 0.01 jmF 
Capacitor 

• C|ss<1pF Typical 

• Can Be Used for Hybrid Construction 

ORDERING INFORMATION 


Part Number 

Package 

IH401 

CERDIP 

IH401A 

CERDIP 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH401/IH401A 


ABSOLUTE MAXIMUM RATINGS 


VstoVo.35V 

Vg to Vs, Vd.35V 

Operating Temperature.-55‘’C to + 125'’C 

Storage Temperature.-65‘’Cto +150*C 

Lead Temperature (Soldering, 10sec).300®C 


NOTE: Stresses above those fisted under ‘‘Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS AT 25°C/125°C 


Symbol 

Characteristic 

Test Conditions 

IH401 

Units 

Min 

Typ 

Max 

RDS(on) 

Switch “on” Resistance 

VdRIVE = 15V, 

Vdrain~ ”7.5V Id = 10mA 


20 

30 

ft 

Vp 

Pinch-Off Voltage 

lD=1nA, Vds=10V 

3 

6 

7.5 

V 

■□(off) 

Switch “off” Current 
or “off” Leakage 

VdRIVE = -15V, 

VsOURCE= -7.5V, 

VdRAIN= +7.5V 


10 

±500 

pA 

•□(off) 

Switch “off” Leakage 
at 125"C 

VdRIVE = -15V, 

VsOURCE= -7.5V, 

VdRAIN= +7.5V 


0.25 

50 

nA 

•S(off) 

Switch “off” Current 

VdRIVE= -15V, 

VdRAIN= -7.5V, 

VsOURCE= +7.5V 


10 

±500 

PA 

■S(off) 

Switch “off” Leakage 
at125“C 

Vdrive=-15V, 

VsOURCE=-7.5V, 

VdRAIN= +7.5V 


0.3 

50 

nA 

•□(on) + 13 ( 00 ) 

Switch Leakage when Turned “on” 

Vd = Vs=-7.5V, 

VdRIVE= +15V 


0.02 

±2 

nA 

^analog 

AC Input Voltage Range 
without Distortion 

See Figure 3 

15 

18 


Vp-p 

^inject 

Charge Injection Error Voltage 

See Figure 4 


3 


mVp.p 

BVdiode 

Diode Reverse Breakdown 

Voltage. This Correlates to 
Overvoltage Protection 

Vd=Vs=-V, 

•□rive=1M. 

□RIVE = 0V 

-30 

-45 


V 

bvgss 

Gate to Source or Gate 
to Drain Reverse 

Breakdown Voltage 

Vdrive= -V, 

Vd = Vs = 0V, 

□RIVE= VA 

30 

41 


V 

•□SS 

Maximum Current Switch 
can Deliver (Pulsed) 

VdrIVE=15V, 

Vs = 0V, 

D= + 10V 

45 

70 


mA 

ton 

Switch “on” time (Note 1) 

See Figure 2 


50 



toff 

Switch “off” time (Note 1) 

See Figure 2 


150 


ns 


NOTE: 1. Driving waveform must be > 100ns rise and fall time. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH401/IH401A 


^DI^ilnili^DIL 




STROBE INPUT 

15V SIGNAL 
-5V SIGNAL 


0283-3 


Figure 2: Switching Time Test Circuit and Waveforms 



^-LJ- 




1 


"''out 


Figure 4: Charge injection Test Circuit 


ELECTRICAL CHARACTERISTICS AT 25“C/125X 


Symbol 

Characteristic 

Test Conditions 










35 

50 


Vp 

Pinch-Off Voltage 

lD=1nA. Vds=10V 

2 

4 

5 

V 

•□(off) 

Switch “off” Current 
or “off” Leakage 

VdRIVE=“15V, 

VsOURCE= -10V, 

VdRAIN= +10V 


10 



•□(off) 

Switch “off” Leakage 
at 125*C 

VdRIVE=-15V, 

VsOURCE= -10V, 

VdRAIN = +10V 





•S(off) 

Switch “off” Current 

VdRIVE=“15V, 

Vdrain=-iov, 

VsOURCE=+10V 



±500 


•s(off) 

Switch “off” Leakage 
at ^25^C 

VdRIVE= -15V, 
VsOURCE=-10V, 

Vdrain= + 10V 


0.3 

50 


•□(on) + •s(on) 

Switch Leakage when 
Turned “on” 

Vd = Vs=-10V, 

VdRIVE = +15V 





^analog 

AC Input Voltage Range 
without Distortion 

See Figure 3 

20 

22 


Vp-p 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS AT 25°C/125°C (Continued) 


Symbol 

Characteristic 

Test Conditions 

IH401A 

Units 

Min 

Typ 

Max 



See Figure 4 


3 



BVdiode 

Diode Reverse Breakdown 
Voltage. This Correlates to 
Overvoltage Protection 

Vd=Vs=-V, 

•□RIVE^I/aA. 

□RIVE = 0V 

-30 

-45 


H 

BVqsS 

Gate to Source or Gate 

to Drain Reverse 

Breakdown Voltage 

VdRIVE=“V, 

Vd = Vs = 0V, 

□RIVE=1M 

30 

41 


■ 

•□SS 

Maximum Current Switch 
can Deliver (Pulsed) 

VdRIVE = ■• 5V, Vs = ov, 
D=+10V 

35 

55 



fon 

Switch “on” time (Note 1) 

See Figure 2 


50 


bbsi 

toff 

Switch “off” time (Note 1) 

See Figure 2 


150 




NOTE: Driving waveform must be > 100ns rise and fall time. 


APPLICATIONS 


IH401 Family 

In general, the IH401 family can be used in any applica¬ 
tion formally using a JFET/isolation diode combination 
(2N4391 or similar). Like standard FET circuits, the IH401 
requires a translator for normal analog switch function. The 
translator is used to boost the TTL input signals to the 
+ 15V analog supply levels which allow the IH401 to handle 
+ 7.5V analog signals (or IH401A to handle ±10V analog 
signals). A typical simple PNP translator is shown in Figure 
5. 



Although this simple PNP circuit represents a minimum of 
components, it requires open collector TTL input and t(off) is 
limited by the collector load resistor (approximately I.Sjas 
for lOkft). Improved switching speed can be obtained by 
Increasing the complexity of the translator stage. 

A translator which overcomes the problems of the simple 
PNP stage is the Intersil IH6201.* This translator driving an 
IH401 varafet produces the following typical features: 

• ton time of approx. 200ns | break before 

• toff time of approx. 80ns ) make switch 


TTL compatible strobing levels of 

•□(on) + •s(on) typically 20pA up to ± 10V analog signals 
•□(off) or Is(off) typically 20pA 

Quiescent current drain of approx. lOOnA in either “on” 
or “off” case 


*The IH6201 is a dual translator (two independent trans¬ 
lators per package) constructed from monolithic CMOS 
technology. The schematic of one-half IH6201, driving one- 
fourth of an IH401, is shown in Figure 6. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH401/IH401A 



e -1SV 


•t-ISV 

jn_ 

I I 
I I 
I I 
I I 

“LT 

-15V 


NOTE: Each translator output has a 0 and 0 output. 0 is just the inverse of 0 i.e., (0 output is 180“ out of phase with respect to 0 output). 

Figure 6: IH6201 Driving An IH401 


£ 


IH401 

[1 

Tol_ 


13 

D1 

H 

H 



U IH6201 

II 


NOTE: Either switch is turned on when strobe input goes high. 

Figure 7: Duai SPST Anaiog Switch 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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A very useful feature of this system is that one-half of an 
IH6201 and one-half of an IH401 can combine to make a 


SPOT switch, or an IH6201 plus an IH401 can make a dual 


SPOT analog switch. (See Figure 9) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5009-IH5024 

Virtual Ground 
Analog Switch 

GENERAL DESCRIPTION 

The IH5009 series of analog switches were designed to 
fill the need for an easy-to-use, inexpensive switch for both 
industrial and military applications. Although low cost is a 
primary design objective, performance and versatility have 
not been sacrificed. 

Each package contains up to four channels of analog gat¬ 
ing and is designed to eliminate the need for an external 
driver. The odd numbered devices are designed to be driv¬ 
en directly from TTL open collector logic (15 volts) while the 
even numbered devices are driven directly from low level 
TTL logic (5 volts). Each channel simulates a SPOT switch. 
SPST switch action is obtained by leaving the diode cath¬ 
ode unconnected; for SPOT action, the cathode should be 
grounded (OV). The parts are intended for high performance 
multiplexing and commutating usage. A logic “0” turns the 
channel ON and a logic “1” turns the channel OFF. 


ORDERING INFORMATION 


Basic 

Part Number 

Channels 

Logic 

Level 

Packages 

IH5009 

4 

+ 15 

JD,DD,PD 

IH5010 

4 

+ 5 

JD,DD,PD 

IH5011 

4 

+ 15 

JE,DE,PE 

IH5012 

4 

+ 5 

JE,DE,PE 

IH5013 

3 

+ 15 

JD,DD,PD 

IH5014 

3 

+ 5 

JD,DD,PD 

IH5015 

3 

+ 15^ 

JE,DE,PE 

IH5016 

3 

+ 5 

JE,DE,PE 

IH5017 

2 

+ 15 

JD,DD,PA 

IH5018 

2 

+ 5 

JD,DD,PA 

IH5019 

2 

+ 15 

JE,DE,PA 

IH5020 

2 

+ 5 

JE,DE,PA 

IH5021 

1 

+ 15 

JD,DD,PA 

IH5022 

1 

+ 5 

JD,DD,PA 

IH5023 

1 

+ 15 

JE,DE,PA 

IH5024 

1 

+ 5 

JE,DE,PA 


NOTE: Mil-Temperature range {-55°C to +125“C) available in ceramic 
packages only. 



FEATURES 

• Switches Analog Signals Up to 20 Volts Peak-to-Peak 

• Each Channel Complete - Interfaces With Most 
Integrated Logic 

• Switching Speeds Less Than O.Sjus 

• Id(off) Less Than 500pA Typical at 70X 

• Effective rds(ON) ” to 5011 

• Commercial and Military Temperature Range 
Operation 


IH50XX M DE 


Package 

PA - 8-pin PLASTIC DIP 
PD - 14-PIN PLASTIC DIP 
PE - 16-PIN PLASTIC DIP 
DD- 14-PIN CERAMIC DIP 
(Special Order Only) 

DE-16-PIN CERAMIC DIP 
(Special Order Only) 

JD- 14-PIN CERDIP 
JE- 16-PIN CERDIP 

TEMPERATURE RANGE 
M = MILITARY (-55“C to +125“C) 
C = COMMERCIAL (0“C to +70'’C) 

BASIC PART NUMBER 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5009-IH5024 


ABSOLUTE MAXIMUM RATINGS 


Positive Analog Signal Voltage .30V 

Negative Analog Signal Voltage .-15V 

Diode Current .10mA 

Power Dissipation (Note).SOOmW 

Storage Temperature .-65“Cto+150“C 


Lead Temperature (Soldering, lOsec) . 300®C 

Operating Temperature 

5009C Series .0“C to + TO^C 

5009M Series.-55“Cto +125“C 

Lead Temperature (Soldering, lOsec) . 300*0 


NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below 75*0. For higher 
temperature, derate at rate of 5m/WC. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


IH5009 (rosfON)^ lOOn) IH5010 
(rDS(ON)^150n)14PINDIP 
TDWGS DD, PD, JD) 


IH5011 (rDS(ON)^IOOn) IH5012 
(rDS(ON)^150n) 16 PIN DIP 
(OUTLINE DWGS DE, PE, JE) 


IH5013 (rosfON)^ 100n) IH5014 
(rDS(ON)^150n) 14 PIN DIP 
(OUTLINE DWGS DD, PE, JE) 





IH5017 (rDS(ON)^IOOn) IH5018 
(rDS(ON)^150n)8PIN DIP 
(OUTLINE DWGS DD, PA, JD) 


IH5019 (roscON)^ lOOn) IH5020 
(rDS(ON)^150n)8PIN DIP 
(OUTLINE DWGS DE, PA, JE) 



IH5021 (rQS(ON)^ 190(1) IH5022 (rosfON)^ 11^9(1) 
8 PIN DIP (OUTLINE DWGS DD, PA, JD) 


8 PI 


(•■DS(ON)^ 
IN DIP (01 


OUTLINE DWGS 


(n|S(ON) 


JE) 



_J 





1 






T - 

M ' 1 





(Note: Numbers in brackets refer to CERDIP packages.) 


Figure 1: Pin Connections 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5009-IH5024 


^DOm^DIL 



FOUR CHANNEL 


THREE CHANNEL 

iH5009 (ros(ON)^ 
IH5010(rDsroN)^150n) 

14 PIN DIP 

IH5011 (rDS(ON)^IOOn) 
IH5012(rDS(ON)^150n) 

16 PIN DIP 

IH5013(rDS(ON)^ 100ft) 
IH5014(rDS(ON)^ 150ft) 

14 PIN DIP 

IH5015(rDS(ON)^ 100ft) 
IH5016(rDS(ON)^ 150ft) 

16 PIN DIP 

i?f 

0284-9 

TT 

TY" 

14 ,6 

TY" 

YY 

YY 

10 8 

“YT* 

0284-11 

TT' 

W 

llO-T--1 |—0 9 

6i2 6io 

0284-12 


0284-10 

TWO CHANNEL 


SINGLE CHANNEL 

IH5017(rDS(ON)^100n) 

IH5018(rDS(ON)^150n) 

8 PIN DIP 

IH5019(rDS(ON)^ 100ft) 
IH5020 (rosrON)^ 150ft) 

8 PIN DIP 

IH5021 (rDS(ON)^ 100ft) 
IH5022 (rDS(ON)^ 150ft) 

8 PIN DIP 

IH5023 (rDS(ON)^ 100ft) 
IH5024 (rDS(ON3^ 150ft) 

8 PIN DIP 

'Wl 

6 8 

;yr‘ 

0284-13 

W 

w 

'TVTtT' 

3 1 5 

0284-15 

’TY^' 

4 2 

0284-16 



Figure 2: Device Schematics and Pin Connections 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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IH5009-IH5024 raiH^DIL 

ELECTRICAL CHARACTERISTICS (per channel) 


Symbol 
(Note 1) 

Characteristic 

Type 
(Note 4) 

TEST 

Conditions 
(Note 2) 

Specification Limit 

Units 

-55“C (M) 
OX (C) 

Min/Max 

25X 

+ 125X (M) 
+ 70X (C) 

Min/Max 

Typ 

Min/Max 

l|N(ON) 

Input Current-ON 

ALL 

V|N = 0V, Id= 2mA 


0.01 

±0.5 

100 

juiA 

u. 

g 

Input Current-OFF 

5V Logic Ckts 

V|N= + 4.5V, Va=± 10V 


0.04 

±0.5 

20 

nA 

l|N(OFF) 

Input Current-OFF 

15V Logic Ckts 

V|N=+11V, Va=±10V 


0.04 

±0.5 

20 

nA 

V|N(ON) 

Channel Control Voltage-ON 

5V Logic Ckts 

See Figure 7, Note 3 

0.5 


0.5 

0.5 

V 

V|N(ON) 

Channel Control Voltage-ON 

15V Logic Ckts 

See Figure 8, Note 3 

1.5 


1.5 

1.5 

V 

V|N(OFF) 

Channel Control Voltage-OFF 

5V Logic Ckts 

See Figure 6, Note 3 



4.5 

4.5 

V 

V|N(OFF) 

Channel Control Voltage-OFF 

15V Logic Ckts 

See Figure 8, Note 3 



11.0 

11.0 

V 

•□(OFF) 

Leakage Current-OFF 

5V Logic Ckts 

V|N= + 4.5V, Va=± 10V 


0.02 

±0.5 

20 

nA 

Id(OFF) 

Leakage Current-OFF 

15V Logic Ckts 

ViN= + 11V, Va=±10V 


0.02 

±0.5 

20 

nA 

Id(ON) 

Leakage Current-ON 

5V Logic Ckts 

V|N = 0V, Is = 1mA 


0.30 

±1.0 

1000 (M) 
200 (C) 

nA 

•□(ON) 

Leakage Current-ON 

15V Logic Ckts 

V|N = 0V, Is = 1mA 


0.10 

±0.5 

500 (M) 
100 (C) 

nA 

Id(ON) 

Leakage Current-ON 

5V Logic Ckts 

V|N = 0V, Is = 2mA 



1.0 

10 

\xk 

Id(ON) 

Leakage Current-ON 

15V Logic Ckts 

V|N = 0V, Is = 2mA 



2.0 

100 

juA 

rDS(ON) 

Drain-Source ON-Resistance 

5V Logic Ckts 

Id = 2mA, V|n = 0.5V 

150 

90 

150 

385 (M) 
240 (C) 

n 

rDS(ON) 

Drain-Source ON-Resistance 

15V Logic Ckts 

Id = 2mA, V|n = 1.5V 

100 

80 

100 

250 (M) 
160 (C) 


t(on) 

Turn-ON Time 

All 

See Figures 5 & 6 


150 

500 


ns 

*(of0 

Turn-OFF Time 

All 

See Figures 5 & 6 





ns 

CT 

Cross Talk 

All 

f= 100Hz 





m 


NOTES: 1. (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 

2. Refer to Figure 2 for definition of terms. 

3- V|n(ON) and V||m(off) are test conditions guaranteed by the tests of ros(ON) and Id{OFF) respectively. 

4. “5V Logic CKTS” applies to even-numbered devices. “15V Logic CKTS” applies to odd-numbered devices. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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^DIMuli^OIL 


TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 



■d(on) vs. temperature 



0284-18 



Rds(on) vs. temperature 
(NORMALIZED TO 25°C 
VALUE) 



TEMPERATURE ( C) 

0284-20 


CROSSTALK AS A 
FUNCTION OF FREQUENCY 



CROSSTALK MEASUREMENT CIRCUIT 


10 ko 



0284-22 


DETAILED DESCRIPTION 

The signals seen at the drain of a junction FET type ana¬ 
log switch can be arbitrarily divided into two categories; 
those which are less than ±200mV, and those which are 
greater than +200mV. The former category includes all 
those circuits where switching is performed at the virtual 
ground point of an op-amp, and it is primarily towards these 
applications that the IH5009 family of circuits is directed. 

By limiting the analog signal at the switching point to 
±200mV, no external driver is required and the need for 
additional power supplies is eliminated. 

Devices are available with both common drains and with 
uncommitted drains. 


Those devices which feature common drains have anoth¬ 
er FET in addition to the channel switches. This FET, which 
has gate and source connected such that Vgs= 0. is in¬ 
tended to compensate for the on-resistance of the switch. 
When placed in series with the feedback resistor (Figure 3) 
the gain is given by: 

10kn +rDS(ON)(compensator) 

10kn +rDS(switch) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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IH5009-IH5024 



Clearly, the gain error caused by the switch is dependent 
on the match between the FETs rather than the absolute 
value of the FET on-resIstance. For the standard product, 
all the FETs in a given package are guaranteed to match 
within 50n. Selections down to 5ft are available however. 
Contact factory for details. Since the absolute value of 
rospN) is guaranteed only to be less than 100ft or 150ft, a 
substantial improvement in gain accuracy can be obtained 
by using the compensating FET. 

DEFINITION OF TERMS 


Ros(on) compensating 



NOISE IMMUNITY 

The advantage of SPOT switching is high noise immunity 
when the series elements is OFF. For example, if a +10V 
analog input is being switched by TTL open collector logic, 
the series switch is OFF when the logic level Is at +15 
volts. At this time, the diode conducts and holds the source 
at approximately +0.7 volts with an AC impedance to 
ground of 25 ohms. Thus random noise superimposed on 
the +10 volt analog input will not falsely trigger the FET 
since the noise voltage will be shunted to ground. 

When switching a negative voltage, the input further In¬ 
creases the OFF voltage beyond pinch-off, so there is no 
danger of the FET turning on. 


SWITCHING CHARACTERISTICS 


Va -^10V 

9 


+ 15V st t 


-OEout ICt<10pF) 



Figure 5: High Levei Logic 



—OEout <Cl ^ 10 pF) 



Figure 6: Standard DTL, TTL, RTL 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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IH5040-IH5047 

High-Level CMOS Analog Switch 



GENERAL DESCRIPTION 


FEATURES 


The IH5040 family of solid state analog switches use an 
improved, high voltage CMOS monolithic technology. These 
devices provide ease-of-use and performance advantages 
not previously available from solid state switches. This im¬ 
proved CMOS technology provides input overvoltage capa¬ 
bility to ±25 volts without damage to the device, and de¬ 
structive latch-up has been eliminated. Early CMOS 
switches were destroyed when power supplies were re¬ 
moved with an input signal present. The IH5040 CMOS 
technology has eliminated this serious problem. 

Key performance advantages of the 5040 series are TTL 
compatibility and ultra low-power operation. The quiescent 
current requirement is less than 1 jixA. Also, the 5040 guar¬ 
antees Break-Before-Make switching, accomplished by ex¬ 
tending the ton time (300ns TYP.) so that it exceeds toff time 
(200ns TYP.). This insures that an ON channel will be 
turned OFF before an OFF channel can turn ON. The need 
for external logic required to avoid channel to channel 
shorting during switching is eliminated. 

Many of the 5040 series improve upon and are pin-for-pin 
and electrical replacements for other solid state switches. 


• Switches Greater Than 20Vpp Signals With ± 15V 
Supplies 

• Quiescent Current Less Than IjnA 

• Overvoltage Protection to ±25V 

• Break-Before<Make Switching toff 200ns, ton 300ns 
Typical 

• TTL, DTL, CMOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off 

• New DPDT & 4PST Configurations 

• Complete Monolithic Construction 


ORDERING INFORMATION 


IH5040 M JE 



Package 

DE - 16-Pin Ceramic DIP 
(Special Order Only) 

FD-2 - 14-Pin Flatpak 
JE-16-Pin CERDIP 
PE - 16-Pin Plastic DIP 
Y- 16-Pin S.O. 

(IH5043 only) 

Temperature Range 
M - Military (-55“C to + 125°C) 
C - Commercial (0“C to + 70°C) 

Basic Part Number 



Figure 1: Functional Driver, Typical Driver, 
Gate —IH5042 


FUNCTIONAL DESCRIPTION 


iNTERSIL 

Part No. 

Type 

■’DS(on) 

Pin for Pin 

Compatible 

IH5040 

SPST 

75ft 

HI5040/DG5040 

IH5041 

Dual SPST 

75ft 

HI5041/DG5041 

IH5042 

SPDT 

75ft 

HI5042/DG5042 

IH5043 

Dual SPDT 

75ft 

HI5043/DG5043 

IH5044 

DPST 

75ft 

HI5044/DG5044 

IH5045 

Dual DPST 

75ft 

HI5045/DG5045 

IH5046 

DPDT 

75ft 

HI5046 

IH5047 

4PST 

75ft 

HI5047 


NOTE 1. See Switching State diagrams for applicable package 
equivalency. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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IH5040-IH5047 


ABSOLUTE MAXIMUM RATINGS 

V+-V-. 

v+-Vd. 

Vd-V-. 

Vd-Vs. 

Vl-V- . 

Vl-Vin . 

Vl-GND. 

V|n-GND. 


^DIFjnnl^DIL 


..<36V Current (Any Terminal) .<30mA 

.. <30V Storage Temperature .-65°C to + ISO^C 

.. <30V Operating Temperature 

<±22V M .-55°Cto+125‘’C 

..<33V C.O'Cto +70“C 

.. <30V Lead Temperature (Soldering, 10sec) . 300“C 

.. <20V Power Dissipation. 450mW 

.. <20V (All Leads Soldered to a P.C. Board) 

Derate 6mW/“C Above 70“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (@25“C,v+= +15 V,v- = -15V.Vl= +5V) 


Per Channel 

Test Conditions 

Mln/Max Limits 

Units 

Symbol 

Characteristic 

Miiitary 

Commerciai 

-55X 

+ 25‘’C 

+ 125X 

0 

+ 25*0 

+ 70X 


Input Logic Current 

V|n = 2.4V 

±1 

±1 

10 

±1 

±1 

10 


l|N(OFF) 

Input Logic Current 

V|n = 0.8V 

±1 



±1 

±1 

mm 


rDS(on) 

Drain-Source On 
Resistance 

Is = 10mA 

Vanalog = -1 OV to +1 OV 








ArDS(ON) 

Channel to Channel 
rDS(ON) Match 



25 

(typ) 




B 


Vanalog 

Min. Analog Signal 
Handling Capability 



±11 

(typ) 





V 

Id(OFF)/ 

IS(OFF) 

Switch OFF Leakage 
Current 

Vanalog = -10V to +1 ov 


±1 

100 


B 


mm 

Id(ON) 

+ IS(ON) 

Switch On Leakage 
Current 

VD = Vs=-10Vto +10V 


±2 

200 





ton 

Switch “ON” Time 

Rl = 1 kn, Vanalog = - 1 ov 
to +1 ov See Fig. 3 


1000 



1000 


ns 

toff 

Switch “OFF” Time 

Rl = 1 kn, Vanalog = - 1 ov 
to + 10V See Fig. 3 


500 



500 


ns 

Q(INJ.) 

Charge Injection 

See Fig. 3 


15 

(typ) 



20 

(typ) 


mV 

OIRR 

Min. Off Isolation 
Rejection Ratio 

f=1MHz, RL=100n, Cl^SpF 
See Fig. 5 


54 

(typ) 



50 

(typ) 


dB 

l+Q 

V + Power Supply 
Quiescent Current 


±1 

±1 

10 

10 

10 

100 


1“ Q 

V- Power Supply 
Quiescent Current 

V+ = + 15V, V- = -15V, 
Vl=+5V 

±1 

±1 

10 

10 

10 

100 


I" LQ 

+ 5V Supply 
Quiescent Current 


±1 

±1 

10 

10 

10 

100 

jaA 

Ignd 

Gnd Supply 

Quiescent Current 


+ 1 

1 

10 

10 

10 

100 


CCRR 

Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 

One Channel Off; Any Other 
Channel Switches as per Fig. 6 

■ 


■ 

1 


■ 

■ 


Note: Typical values are for design aid only, not guaranteed and not subject to production testing. 
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IH5040-IH5047 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT 


SPST IH5040 

(|■DS(on)<75fl) 


(OUTLINE DWGS 

(OUTLINE DWG FD-2) _DE, JE, PE, Y) 


Vl v+ Vl v + 




DUAL SPST IH5041 

(•’DS(on)<75n) 


SPDT IH5042 
(*■ 08 ( 011 ) <75n) 


Vl V+ Vl V + 




Vl V+ Vl V + 




DUAL SPDT IH5043 
(>■ 08 ( 00 ) < 75 ^) 


Vl v+ Vl v+ 




0286-10 

Figure 2: Switching State Diagrams 
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TYPICAL PERFORMANCE 

RDS(on) VS VanalOG SIGNAL 


CHARACTERISTICS (Per Channel) 

RDS(on) V8 POWER SUPPLY VOLTAGE 


100 

80 

§ 

“ 40 
20 

0 














+12 

i«C 


— 





+2S^C 

— 




*** 

_ 

--5S*C. 


+: 

25*C 


+125“C 

1 




-55*C 

-JLJ 


1 

1mA 

± 15V SL 

*PPL 

lES 


-6 -5 -2.5 0 2.5 5 7.5 ? S 10 

Vanalog (V) 

0286-21 



1 10 100 Ik 10k 100k 1M 
FREQUENCY (Hz) 

0286-24 



-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

Vanalog (V) 

0286-22 


r 


CHARGE INJECTION vs VanaloG 
(SEE FIG. B) Cl= 10,000pF 
40 


35 

^ 30 
a 

I 25 

i “ 

° 15 

10 
0 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 
Vanalog (V) 

0286-23 




OFF 

CHANNEL 




3V I r 

_rL 

SWITCHED • I—^ ^ 


SWITCHED 

CHANNEL 





FREQUENCY (Hz) 




OFF STATE 
DEPENDS ON PART 




i" 


-OVOUT 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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LOGIC FREQUENCY 


3»/oOUTY CYCLE (Hi) 


0286-28 


TEST CIRCUITS 



NOTE 1: Some channels are turned on by high “1 ” logic inputs and other channels are turned on by low “0" inputs; however 0.8V to 2.4V describes the min. range 
tor switching properly. Refer to logic diagrams to see absolute value of logic input required to produce “ON” or “OFF” state. 


APPLICATIONS 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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APPLICATIONS (Continued) 


EXAMPLE: If -VanalOG = -10VDC and 
+ Vanalog = +10VDC then Ladder Legs 
are switched between ±10VOC, depending 
upon state of Logic Strobe. 



-TL 

T2l 

LOGIC 

STROBE 


JTL 

T2l 

LOGIC 

STROBE 


Figure 7: Using the CMOS Switch to Drive an R/2R Ladder Network (2 Legs) 



Figure 8: Digitaiiy Tuned Low Power Active Fiiter 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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APPLICATIONS (Continued) 


T2lJ L 

LOGIC 



Figure 9: Interfacing with TTL Open Collector Logic 
(Typ. Example for + 15V Case Shown) 



Figure 10: Interfacing with CMOS Logic 
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IH5040-IH5047 raMi^DIL 

APPLICATIONS (Continued) 



Figure 11: TTL Logic interface 
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IH5048-IH5051 

Low Charge Injection 
CMOS Analog Switches 

GENERAL DESCRIPTION 

The IH5048 family of analog switches is especially made 
for low charge injection and low leakage. Construction in¬ 
cludes our CMOS high level driver circuitry combined with 
unique “VARAFET” switches. 


ORDERING INFORMATION 

IH5048 M JE 

Package 

DE ~ 14-pin Ceramic DIP 
FD-2 - 14-pin Flat Pak 
PE - 16-pin Plastic DIP 

Temperature Range 
M ~ Military (-55“C to +125“C) 
C - Commercial (0*C to + 85‘’C) 

Basic Part Number 



FEATURES 

• Low Charge Injection—1 mV (Typ.) 

• Quiescent Current Less Than IjnA 

• TTL, DTL, CMOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off 

• Low rDS(on) - 350 (Typ.) 

• PinOut Compatible With IHS040 Family 

• Low Leakage 100 pA Typical 


ORDERING INFORMATION 


Intersil 

Part No. 

Type 

rDS(on) 

IH5048 Dual 

SPST 

35a 

IH5049 Dual 

DPST 

35a 

IH5050 

SPDT 

35a 

IH5051 Dual 

SPDT 

35a 


NOTE 1. See Switching State diagrams for applicable package equivalency. 



Switch States are for 
Logic “1” input 

DUAL SPST iH5048 
(rDS(ON)<35fl) 



Figure 1: Switching State Diagrams 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
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IH5048-IH5051 


Switch States are 
for Logic “1” input 


Fiat Package (FD-2) 


DiP (DE) Package 


DUAL DPSTIH5049 
(rDs(ON)<35a) 


(DG184 EQUiVALENT) 





DUAL SPDT iHSOSI 
(ros (ON)<35n) 


(DG190 EQUiVALENT) 




Figure 1: Switching State Diagrams (Cont.) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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^DO^m^DIL 


ABSOLUTE MAXIMUM RATINGS 

V+-V-. 

V+-Vd. 

Vd-V-. 

Vd-Vs. 

Vl-V-. 

Vl-V,n. 

Vl~GND. 

Vin-gnd. 


..<36V Current (Any Terminal) .<30mA 

.. <30V Storage Temperature .-65"C to +150"C 

.. <30V Operating Temperature .to + 125“C 

< +22V Lead Temperature (Soldering, 10sec) . 300'’C 

.. <33V Power Dissipation. 450mW 

.. <30V (All Leads Soldered to a P.C. Board) 

.. <20V Derate 6mW/“C Above 70°C 
..<20V 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (@25“C,v+= +i5V,v- = -i5V,Vl= +5V) 


Per Channel 

Test Conditions 





Miiitary 





□ 




Input Logic Current 

V|n = 2.4V Note1 

±1 

±1 

10 

±1 




hN(OFF) 

Input Logic Current 

V|n = 0.8V Note1 

±1 

±1 

10 

±1 

±1 

10 

juiA 

l'DS(on) 

Drain-Source On 
Resistance 

ls=-10mA 

Vanalog=-iov 


40 

60 


45 

75 

a 

ArDS(ON) 

Channel to Channel 
•'DS(ON) Match 



15 

(Typ) 



15 

(Typ) 

— 

a 

Vanalog 

Min. Analog Signal 
Handling Capability 



±10 



±10 


V 

b(OFF)/IS(OFF) 

Switch OFF Leakage 
Current 

Vanalog = -1 ov to +1 ov 


±1 

_ 

100 

_ 


±5 

100 

nA 


Switch On Leakage 
Current 

VD = Vs=-10VtO +10V 

■ 

H 




200 

nA 


Switch “ON” Time 

Rl = 1 kn, Vanalog = -1 ov 
to + 10V See Fig. 2 

■ 





B 



Switch “OFF” Time 

Rl = 1 ka, Vanalog = -1 ov 
to + 10V See Fig. 2 

■ 


1 


iQm 

B 

B 

SfiBIHIII 

Charge injection 

See Fig. 3 







ff!n| 


Min. Off Isolation 
Rejection Ratio 

f = 1 MHz, Rl= 1 ooa, Cl^ 5pF 

See Fig. 4, (Note 1) 


54 

(Typ) 



n^i 

liHSI 

B 

B 


V+ Power Supply 
Quiescent Current 





1 

B 

100 

jliA 

Q 

V- Power Supply 
Quiescent Current 

V+ = +15V,V=-15V, Vl=+5V 



D 

i 


100 

fiA 

LQ 

+ 5V Supply 
Quiescent Current 




D 

D 


100 

jixA 


Gnd Supply 
Quiescent Current 





D 




CCRR 

Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 

One Channel Off; Any Other 

Channel Switches as per 

Performance Characteristics (Note 1) 




1 



1^^ 


Note 1: Not tested in production. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
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NOTE: AH typical values have been characterized but are not tested. 
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IH5048-IH5051 

TEST CIRCUITS 






"’PD-c^ 



Figure 2 


Figure 3 


Figure 4 


NOTE 1: Some channels are turned on by high “1 ” logic inputs and other channels are turned on by low “0” inputs; however 0.8V to 2.4V describes the min. range 
for switching properly. Refer to logic diagrams to see absolute value of logic input required to produce “ON” or “OFF” state. 


TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 


rDS(on) VS Vanalog signal 


““ - 56 *C IS-tmA 

^ i I I tSVSUPPLIESi 

-10 -5 -2.5 -0 2.5 5 7 5 -7.5 10 

'^analog <v> 


^ VS POWER SUPPLY VOLTAGE 


CHARGE iNJECTION vs Vanalog 
(SEE FIG. 3) Cl= 10,000pF 




-to -7.5 -5 -2.5 0 2.5 6 7.5 10 

Vanalog 


-10 -7.5 -5 -2.5 0 2.5 5 7.6 10 

Vanalog <v) 


CCRR = 20L06 

oU_ V 0 UT(mVpp)| 

1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

0287-17 




r_n. 


j f-OVOUT 

I |l00Q 





2Vpp 

. 1 

@1MC 

p 1 

sioon 

1 

L J 

L J, 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) (Continued) 



oLJ _ voUHmvppM I 

1Hz 10Hz 100Hz Ik 10k 100k 1M 

FREQUENCY (Hz) 


OFF STATE 
DEPENDS ON PART 


^ ^51 



VOUT 


0287-20 


0287-19 

POWER SUPPLY QUIESCENT CURRENT 
vs LOGIC FREQUENCY RATE 



I 10 100 Ik 10k 100k 

LOGIC FREQUENCY @ 10*/o DUTY CYCLE (H*) 


0287-21 
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IH5052/IH5053 


IH5052/IH5053 

QUAD CMOS Analog Switch 



GENERAL DESCRIPTION 


FEATURES 


The IH5052/3 analog switches use an improved, high 
voltage CMOS technology, which provides performance ad¬ 
vantages not previously available from solid state switches. 
Early CMOS switches were destroyed when power supplies 
were removed with an input signal present. The INTERSIL 
CMOS technology has eliminated this serious systems 
problem. Key performance advantages are TTL compatibil¬ 
ity and ultra low-power operation — the quiescent current 
requirement is less than 10jaA. 

The IH5052/3 also guarantees Break-Before-Make 
switching. This is accomplished by extending the toN 
(400ns TYP.) such that it exceeds topF (200ns TYP.). 
This insures that an ON channel will be turned OFF before 
an OFF channel can turn ON, and eliminates the need for 
external logic required to avoid channel to channel shorting 
during switching. With a logical “0” (0.8V or less) at its con¬ 
trol Inputs, the IH5052 switches are closed, while the 
IH5053 switches are closed with a logical “1” (2.4V or 
more) at its control inputs. 


• Switches Greater Than 20Vpp Signals With + 15V 
Supplies 

• Quiescent Current Less Than lOjuA 

• Overvoltage Protection to ± 25V 

• Break>Before-Make Switching toff 100ns, ton 250ns 
Typical 

• TTL, CMOS Compatible 

• Non-Latching With Supply Turn-Off 

• IH5052 4 Normally Closed Switches 

• IH5053 4 Normally Open Switches 

• Low Rds(ON) son Typical 

ORDERING INFORMATION 


IH505X C JE 



Package 

JE= 16-Pin CERDIP 
DE= 16-Pin Ceramic DIP 
(Special Order Only) 

Temperature Range 
M = Military 
C = Commercial 

Basic Part Number 




TVF. DRIVER-GATE 


Figure 1: Functional Diagram 


OUTLINE DWQS 
DE, JE 


DUAL-IN-LINE PACKAGE 


INi 

Oi 

Si 

v~ 

ONO 

$4 

D4 

IN4 



IN? 

O? 

52 

(SUBSTRATE) 

Vl 

53 
03 

IN3 


SWITCH STATES ARE 
FOR LOGIC "I" INPUT 


INi 

Oi 

Si 

V 

GND 

S; 

D: 

IN; 


ra-1 I-iia 


E 

E 

E 

E 

Cl 

E 




m 

1 

B 

IS 

3 


IN4 

D4 

S4 

V^ 

Vl 

S3 

03 

IN3 


0288-2 

Figure 2: Pin Configurations 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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^Dimi^DIL 


ABSOLUTE MAXIMUM RATINGS 


V+-V- .<36V 

V+-Vd .<30V 

Vd-V- .<30V 

Vd-Vs .<±22V 

Vl-V-.<33V 

Vl-V|n.<30V 

Vl-GND .<20V 

V|n-GND .<20V 

Current (Any Terminal) .<30mA 

Storage Temperature .-65“Cto+150®C 

Operating Temperature .-55*Cto 4-125‘*C 

Lead Temperature (Soldering, 10sec) . 300‘’C 


Power Dissipation. 450mW 

(All Leads Soldered to a P.C. Board) 

Derate BrnW/^C Above 70"C 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta=25'C.v+ = + 15V,v-15 V,Vl=+5V) 


Per Channel 

Test Conditions 

Min/Max Limits 

Military 

Commercial 

Units 

Symbol 

Characteristic 

-55“C 

+ 25‘’C 

+ 125X 

0 

+ 25X 

±70“C 

l|N(ON) 

Input Logic Current 

V|N = 2.4V (IH5053) = 0.8V (IH5052) 

10 

±1 

10 


±10 


fxA 

l|N(OFF) 

Input Logic Current 

V|N = 0.8V (IH5053) = 2.4V (IH5062) 

10 

±1 

10 


±10 


juiA 

''DS(ON) 

Drain-Source On 
Resistance 

Is = 10mA, Vanalog = -10V to +10V 

75 

75 

100 

80 

80 

100 

a 

ArDS(ON) 

Channel to Channel 
rDSCON) Match 



25 

(typ) 



30 

(typ) 


n 

Vanalog 

Min. Analog Signal 
Handling Capability 



±11 

(typ) 



±10 

(typ) 


V 

Id(OFF) / 
IS(OFF) 

Switch OFF Leakage 
Current 

Vanalog = -1 ov to +1 ov 


±1 

100 


±5 

100 

nA 

Id(ON) 

+ Is(ON) 

Switch On Leakage 
Current 

VD = Vs=-10Vto +10V 


±2 

200 


±10 

100 

nA 

tON 

Switch “ON” Time 

Rl = 1 kft, Vanalog = -10V to +10V 
See Fig. 3 


500 



1000 


ns 

tOFF 

Switch “OFF” Time 

Rl = 1 kft, Vanalog = -10V to +10V 
See Fig. 3 


250 



500 


ns 

Q(INJ.) 

Charge Injection 

See Fig. 4 


15 

(typ) 



20 

(typ) 


mV 

OIRR 

Min. Off Isolation 
Rejection Ratio 

f = 1 MHz, Rl= 100n, Cl^SpF 

See Fig. 5 


54 

(typ) 



50 

(typ) 


dB 

1 + 

+ Power Supply 
Quiescent Current 

V+ = +15V,V- = -15V, Vl=+ 5V 
with GND 

10 

10 

100 

10 

10 

100 

fxA 

1- 

- Power Supply 
Quiescent Current 

10 

10 

100 

10 

10 

100 

fxA 

IVL 

+ 5V Supply 
Quiescent Current 

10 

10 

100 

10 

10 

100 

fxA 

CCRR 

Min. Channel 
to Channel 

Cross Coupling 
Rejection Ratio 

One Channel Off 


54 

(typ) 



50 

(typ) 


dB 


NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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8-87 


IH5052/IH5053 
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IH5052/IH5053 


^DIROilil^DIL 


TEST CIRCUITS 



NOTE 1: The 5053 is turned on by high “1” logic inputs and the 5052 is turned on by low “0” inputs; however 0.8V to 2.4V describes the min. range for switching 
properly. Refer to logic diagrams to see absolute value of logic input required to produce “ON” or “OFF” state. 


TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 


rDS(ON) vs CHARGE INJECTION vs Vanalog 

rDs(ON) vs Vanalog SIGNAL POWER SUPPLY VOLTAGE (SEE Figure B) Cl= 10,000pF 



-10 -r.5 -S -2.5 0 2.5 5 7.5 10 

Vanalog (V) 

-10 -741 -5 -241 0 2.5 5 7.5 10 

Vanalog (V) 

-10 -7.5 -5 -2.5 0 2.5 

Vanalog (V) 

0288-6 

0288-7 


CROSS COUPLING REJECTION vs FREQUENCY 

1 - 

-1 



Cross Coupling Rejection 
Test Circuit 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) (Continued) 


OFF ISOLATION vs FREQUENCY 



INs lOHi 100Hz Ik 10k 100k 1M 

FREQUENCY (Hz) 


0288-11 


POWER SUPPLY QUIESCENT CURRENT vs 
LOGIC FREQUENCY RATE 



1 10 100 Ik 10k 100k 


LOGIC FREQUENCY @ KRb DUTY CYCLE (Hz) 


0288-13 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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IH5052/IH5053 


IH5052/IH5053 SDIMOH^DIL 

APPLICATIONS _ 

I PROGRAMMABLE GAIN NON-INVERTING AMPLIFIER WITH SELECTABLE INPUTS I 



Figure 7: Active Low Pass Filter with Digitally Selected Break Frequency 


SeOUCNCCR OtCOOEft ANALOG SWITCH 



TRUTH TABLE (IH5052) 


Enable 

Mux 

Sequence 

Rate 

Sequencer 

Output 

Switch States 
(-Denotes Off) 

20 

21 

SW1 

SW2 

SW3 

SW4 

0 

0 

0 

0 

— 

— 

— 

— 

1 

0 

0 

0 

ON 

— 

— 

— 

1 

1 pulse 

1 

0 

— 

ON 

— 


1 

2 pulses 

0 

1 

— 

— 

— 


1 

3 pulses 

1 

1 

— 

— 

— 

ON 

1 

4 pulses 

0 

0 

ON 

— 

— 

— 


Figure 8:4-Channel Sequencing MUX 
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^DINnHl^DIL 


A LATCHING DPDT SWITCH 

The latch feature insures positive switching action in re¬ 
sponse to non-repetitive or erratic commands. The Ai and 
A 2 inputs are normally low. A HIGH input to A 2 turns Si and 
S 2 ON, a HIGH to Ai turns S 3 and S 4 ON. Desirable for use 
with limit detectors, peak detectors, or mechanical contact 
closures. 



TRUTH TABLE (IH5052) 


Command 

state of Switches 
After Command 

A2 

Ai 

S 3 &S 4 

S-) & S 2 

0 

0 

same 

same 

0 

1 

on 

off 

1 

0 

off 

on 

1 

1 

1 INDETERMINATE 


Figure 9: A Latching DPDT 
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IH5140-IH5145 Family 


IH5140-IH5145 

High-Level 
CMOS Analog Switch 

GENERAL DESCRIPTION 

The IH5140 Family of CMOS switches utilizes Intersil’s 
latch-free junction isolated processing to build the fastest 
switches currently available. These switches can be toggled 
at a rate of greater than 1MHz with super fast ton times 
(80ns typical) and faster toff times (50ns typical), guarantee¬ 
ing break before make switching. This family of switches 
combines the speed of the hybrid FET DG180 family with 
the reliability and low power consumption of a monolithic 
CMOS construction. 

OFF leakages are guaranteed to be less than 200pA at 
25°C. Very low quiescent power is dissipated in either the 
ON or the OFF state of the switch. Maximum power supply 
current is 1 juA from any supply and typical quiescent cur¬ 
rents are in the 10nA range which makes these devices 
ideal for portable equipment and military applications. 

The IH5140 Family is completely compatible with TTL 
(5V) logic, TTL open collector logic and CMOS logic. It is pin 
compatible with Intersil’s IH5040 family and part of the 
DG180/190 family as shown in the switching state dia¬ 
grams. 


ORDERING INFORMATION 


Order 

Part Number 

Function 

Package 

Temperature 

Range 

IH5140 MJE 

SPST 

16 Pin CERDIP 

-55“Cto125"C 

IH5140CJE 

SPST 

16 Pin CERDIP 

0°C to TO'C 

IH5140 CPE 

SPST 

16 Pin Plastic DIP 

0“C to lore 

IH5140MFD 

SPST 

14 Pin Flat Pack 

-55'’Cto125“C 

IH5141 MJE 

Dual SPST 

16 Pin CERDIP 

-55"Cto125“C 

IH5141 CJE 

Dual SPST 

16 Pin CERDIP 

OXtoTO’C 

IH5141 CPE 

Dual SPST 

16 Pin Plastic DIP 

O^C to 70"C 

IH5141 MFD 

Dual SPST 

14 Pin Flat Pack 

-55“Cto125‘’C 

IH5142 MJE 

SPDT 

16 Pin CERDIP 

-55“Cto125“C 

IH5142CJE 

SPDT 

16 Pin CERDIP 

0"C to 70“C 

IH5142 CPE 

SPDT 

16 Pin Plastic DIP 

O^Cto 70'‘C 

IH5142MFD 

SPDT 

14 Pin Flat Pack 

-55'’Cto125“C 

IH5143 MJE 

Dual SPDT 

16 Pin CERDIP 

-55'‘Cto125'*C 

IH5143CJE 

Dual SPDT 

16 Pin CERDIP 

o”C to lore 

IH5143 CPE 

Dual SPDT 

16 Pin Plastic DIP 

0“Cto 70‘’C 

IH5143 MFD 

dual SPDT 

14 Pin Flat Pack 

-55Xto125'>C 

IH5144 MJE 

DPST 

16 Pin CERDIP 

-55“Cto125“C 

IH5144CJE 

DPST 

16 Pin CERDIP 

0°C to 70‘’C 

IH5144 CPE 

DPST 

16 Pin Plastic DIP 

0“C to 70“C 

IH5144MFD 

DPST 

14 Pin Flat Pack 

-55°Cto125“C 

IH5145 MJE 

Dual DPST 

16 Pin CERDIP 

-55°Cto125"C 

IH5145 CJE 

Dual DPST 

16 Pin CERDIP 

OX to 70X 

iH5145 CPE 

Dual DPST 

16 Pin Plastic DIP 

OX to 70X 

IH5145 MFD 

Dual DPST 

14 Pin Flat Pack 

-55Xto125X 


Note: 1. Ceramic (side braze) devices also available; consult factory. 

2. MIL temp range parts also available with MIL-STD-883 processing. 



FEATURES 

• Super Fast Break-Before-Make Switching 

• ton 80ns Typ, toff 50ns Typ (SPST Switches) 

• Power Supply Currents Less Than 1 juA 

• OFF Leakages Less Than 100pA @ 25°C Typical 

• Non-latching With Supply Turn-off 

• Single Monolithic CMOS Chip 

• Plug-in Replacements for IH5040 Family and Part of 
the DG180 Family to Upgrade Speed and Leakage 

• Greater Than 1MHz Toggle Rate 

• Switches Greater Than 20Vp-p Signals With ± 15V 
Supplies 

• TTL, CMOS Direct Compatibility 

• Internal Diode in Series with V+ for Fault Protection 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

v+ - V-. 

V+ -Vd . 

Vd-v- . 

Vd-Vs . 

Vl-V-. 

Vl-V|n. 

Vl . 

ViN . 


.. <36V Current (Any Terminal) .<30mA 

.. <30V Storage Temperature .-65®Cto+150“C 

.. <30V Operating Temperature .-55“C to + 125*’C 

< ±22V Lead Temperature (Soldering 10sec). 300“C 

,. <33V Power Dissipation. 450mW 


<30V (All Leads Soldered to a P.C. Board) 
< 20V Derate 6 mW/“C Above 70“C 
<20V 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings oniy and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliabiiity. 


ELECTRICAL CHARACTERISTICS (@ 25 °c,v+= +i5V,v -i5V.Vl=+5 V) 


1 Per Channel 

Test Conditions 



Symbol 

Characteristic 



-55X 



D 



LOGIC INPUT 1 

•iNH 

Input Logic Current 

V|n = 2.4V Note1 

±1 





■Efll 

fxA 

•iNL 

Input Logic Current 

Vin = 0.8V Note1 

±1 

±1 



±10 

mm 


SWITCH 1 

roscon) 

Drain-Source On 
Resistance 

ls=-10mA 

Vanalog = -1 OV to +1 ov 

50 



B 



Cl 

ArDS(on) 

Channel to Channel 
roscon) Match 





1 




Vanalog 

Min. Analog Signal 
Handling Capability 

_ 


±11 

(typ) 



10031 


D 

iD(off) + 
IS(off) 

Switch OFF Leakage 
Current 

< < 
o o 

II II 

<< 

II II 

11 
< < 


±.5 

±.5 


1 

El 







±1 


1 





Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 

One Channel Off; Any Other 
Channel Switches 

See Performance Characteristics 

■ 

54 

(typ) 

■ 

1 


1 


ismuiii 

Switch “ON” Time 
Switch “OFF” Time 

See switching time specifications and timing diagrams. 


Charge Injection 

See Performance Characteristics 




1 

m 

01 

pC 

OIRR 

Min. Off Isolation 
Rejection Ratio 

f = 1MHz, Rl= 100 n, Cl^5pF 
See Performance Characteristics 


El 



50 

(typ) 


dB 

SUPPLY 1 

1 + 

+ Power Supply 
Quiescent Current 

V+ = + 15V.V - =-15V, 
Vl=+5V 

See Performance Characteristics 

1.0 



B 


100 

jutA 

1 - 

- Power Supply 
Quiescent Current 

1.0 



B 

10 

100 


II 

+ 5V Supply 
Quiescent Current 

1.0 



B 


100 

jaA 

•gnd 

Gnd Supply 

Quiescent Current 

1.0 

1.0 

10.0 

10 

10 


mm 


NOTES: 1. Some channels are turned on by high (1) logic inputs and other channels are turned on by low (0) inputs; however 0.8V to 2.4V describes the min. 
range for switching properly. Refer to logic diagrams to find logical value of logic input required to produce ON or OFF state. 

2. Typical values are for design aid only, not guaranteed and not subject to production testing. 
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IH5140-IH5145 Family 
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IH5140-IH5145 Family 


SWITCHING TIME SPECIFICATIONS 

(ton, toff are maximum specifications and ton-toff is minimum specifications) 






Military 






0 




fon 

Switch “ON” time 


nm 



|■|||| 

150 

mi 



toff 

Switch “OFF” time 






125 




ton"toff 

Break-before-make 


[m 

WM 


mi 

5 

^m 



ton 

Switch “ON” time 


mi 




la 


m 


toff 

Switch “OFF” time 






igi 


ns 


ton"toff 

Break-before-make 


m 




5 





Switch “ON” time 


||||H 




250 





Switch ‘OFF” time 






150 


ns 



Break-before-make 


mi 




5 




ton 

Switch “ON” time 



200 



300 




toff 

Switch “OFF” time 

Figure 3 


125 



150 


ns 

IH5142- 

ton'toff 

Break-before-make 



*10 (typ) 



5 



5143 

ton 

Switch “ON” time 



175 


mi 





toff 

Switch “OFF” time 

Figure 4* 


125 



MSB 




ton“toff 

Break-before-make 



10 



m 

imiii 



ton 

Switch “ON” time 



200 


■■ 





toff 

Switch “OFF” time 

Figure 5* 


125 





ns 


ton"toff 

Break-before-make 



10 



■i 




ton 

Switch “ON” time 



175 


im 





toff 

Switch “OFF” time 

Figure 2* 


125 



MSB 


ns 

IH5144- 

ton-toff 

Break-before-make 



10 



■i 
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ton 

Switch “ON” time 
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mi 



toff 

Switch “OFF” time 

Figure 3 
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NOTE: SWITCHING TIMES ARE MEASURED @ 90% PTS. * Typical values for design aid oniy, not guaranteed nor subject to production testing. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 

8-95 


IH5140-IH5145 Family 












INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 

8-96 









IH5140-IH5145 Family Hm^DIL 


FLATPACK (FD-2) 


DIP (JE, PE) 



Vl V* 

JlO ^9 


Vl V- 

?•' 


S 

13 

IN O— 

_1 

—o-r*- — o o 

1 

1 


5 o'* ^ ^ 

1 ° 

1 

IS 1 

IN o — 



i" A” 

GNO V- 

0291-12 

SPST 

IH5140 (rDS(on)<75n) 

i” A’* 

GNO V- 

0291-13 


FLATPACK (FD-2) DIP (JE, PE) 



0291-14 


FLATPACK (FD-2) 


DUALSPST 
IH5141 (rDS(on)<75n) 


0291-15 


DIP (JE, PE) 




GNO V- 


SPDT 

IH5142 (rDS(on)<75 H) 

Figure 6: Switching State Diagrams 
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IH5140-IH5145 Family 




FLATPACK (FD-2) 



DIP (JE, PE) (DG191 EQUIVALENT) 

Vl V* 


S30-cxj r' 


$2 0 -=' 




GNO \ 


DUAL SPOT 
IH5143 (rDS(on)<75n) 

SWITCH STATES ARE FOR LOGIC “1” INPUT 


FLATPACK (FD-2) 


DIP (JE, PE) 





- 0 +*- 


“F~F 


DPST 

IH6144 (rDS(on)<75n) 


FLATPACK (FD-2) 


DIP (JE, PE) (DG185 EQUIVALENT) 



•NioiSj-Q-O-J 


Vt V* 


S20- 


■FT 


<> Oj 

Lo 04 


DUAL DPST 
IH5145 (rDS(on)<75n) 

Figure 6 : Switching State Diagrams (Continued) 
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TYPICAL SWITCHING WAVEFORMS scale: vert.= 5V/Div.HORiz.=ioons/Div. 


TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 8) 
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TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 9) 
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TTL LOGIC J 
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TTL OPEN COLLECTOR LOGIC DRIVE 

(Corresponds to Figure 10) 


TTL OPEN COLLECTOR LOGIC DRIVE 

(Corresponds to Figure 11) 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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IH5140-IH5145 Family 


IH5140-IH5145 Family HFjnnii^OIL 


APPLICATION NOTE 

To maximize switching speed on the IH5140 family, TTL 
open collector logic (15V with a IkH or less collector resis¬ 
tor) should be used. This configuration will result in (SPST) 
ton and toff times of 80ns and 50ns, for signals between 
-10V and +10V. The SPOT and DPST switches are ap¬ 
proximately 30ns slower in both ton and toff with the same 
drive configuration. 15V CMOS logic levels can be used (OV 
to +15V), but propagation delays in the CMOS logic will 
slow down the switching (typical 50ns —>■ 100ns delays). 

When driving the IH5140 Family from either +5V TTL or 
CMOS logic, switching times run 20ns slower than if they 
were driven from +15V logic levels. Thus ton is about 
105ns, and toff 75ns for SPST switches, and 135ns and 
105ns (ton, W for SPOT or DPST switches. The low level 
drive can be made as fast as the high level drive if +5V 
strobe levels are used instead of the usual OV + 3.0V 
drive. Pin 13 is taken to -5V instead of the usual GND and 
strobe input is taken from +5V to -5V levels as shown In 
Figure 7. 

The typical channel of the IH5140 family consists of both 
P and N-channel MOSFETs. The N-channel MOSFET uses 
a “Body Puller” FET to drive the body to -15V (± 15V sup¬ 
plies) to get good breakdown voltages when the switch is In 
the off state (See Fig. 8). This “Body Puller” FET also al¬ 
lows the N-channel body to electrically float when the 
switch is in the on state producing a fairly constant Rds(ON) 
with different signal voltages. While this “Body Puller” FET 
improves switch performance, it can cause a problem when 
analog input signals are present (negative signals only) and 
power supplies are off. This fault condition is shown In Fig¬ 
ure 9. 

Current will flow from -10V analog voltage through the 
drain to body junction of Q1, then through the drain to body 
junction of Q3 to GND. This means that there is 10V across 
two forward-biased silicon diodes and current will go to 
whatever value the input signal source is capable of supply¬ 
ing. If the analog input signal is derived from the same sup¬ 
plies as the switch this fault condition cannot occur. Turning 
off the supplies would turn off the analog signal at the same 
time. 

This fault situation can also be eliminated by placing a 
diode in series with the negative supply line (pin 14) as 
shown in Figure 10. Now when the power supplies are off 
and a negative input signal is present this diode is reverse 
biased and no current can flow. 


INa 1N914 

OR EQUIVALENT 

T^LaIN 

—- —M— 

+5V 
+15V 
T2LbIN 
INb 

0291-38 

Figure 10. 



ANALOG OUT ( 


ANALOG OUT ( 



Figure 7. 


t15V FROM 
DRIVERS 



Figure 8. 


ANALOG IN « -10V 



Figure 9. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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APPLICATIONS 


ANALOG, 
INPUT ^ 


12 - < 
—+5V 

—+15V 
10 


4:: 10,000 pF 
POLY- 
- STYRENE 

I LOGIC INPUT 


+3V = > SAMPLE MODE 
0V = > HOLD MODE 


Figure 11: Improved Sample and Hold Using IH5143 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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IH5140-IH5145 Family 


IH5140-IH5145 Family ^DMi^DlL 

APPLICATIONS (Continued) 


lOOki* 



LOGIC 

STROBE 


0291-41 

CONSTANT GAIN, CONSTANT Q, VARIABLE FREQUENCY FILTER WHICH PROVIDES SIMULTANEOUS LOWPASS, BANDPASS, AND HIGHPASS OUT¬ 
PUTS. WITH THE COMPONENT VALUES SHOWN, CENTER FREQUENCY WILL BE 235Hz AND 23.5Hz FOR HIGH AND LOW LOGIC INPUTS RESPEC¬ 
TIVELY, 0 = 100, AND GAIN = 100. 

fn = CENTER FREQUENCY=—!— 

" 2n-RC 

Figure 13: Digitally Tuned Low Power Active Filter 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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IH5148-IH5151 

High-Level CMOS 
Analog Switches 

GENERAL DESCRIPTION 

The IH5148 family of solid state analog switches are de¬ 
signed using an improved, high voltage CMOS technology. 
Destructive latchup has been eliminated. Early CMOS 
switches were destroyed when power supplies were re¬ 
moved with an input signal present; the IH5148 CMOS tech¬ 
nology has eliminated this problem. 

Key performance advantages of the 5148 series are TTL 
compatibility and ultra low-power operation. RDS(on) switch 
resistance is typically in the 1411 To 18n Area, for signals in 
the -10V to +10V range. Quiescent current is less than 
lOjaA. The 5148 also guarantees Break-Before-Make 
switching which is logically accomplished by extending the 
toN (200nsec typ.) such that it exceeds topF 
(120nsec typ.). This insures that an ON channel will be 
turned OFF before an OFF channel can turn ON. The need 
for external logic required to avoid channel to channel 
shorting during switching is thus eliminated. 

Many of the devices in the 5148 series are pin-for-pin 
compatible with other analog switches, and offer improved 
electrical characteristics. 



FEATURES 

• Low Rds(ON) — 25n 

• Switches Greater Than 20Vpp Signals With ± 15V 
Supplies 

• Quiescent Current Less Than 100/xA 

• Break-Before-Make Switching topF 120nsec Typ., toN 
200nsec Typical 

• TTL, CMOS Compatible 

• Non-Latching With Supply Turn-Off 

• Complete Monolithic Construction 

• ±5V to ±15V Supply Range 

CMOS ANALOG SWITCH PRODUCT 
CONDITIONING 

• The Following Processes Are Performed 100% In 
Accordance With MIL-STD-883 

• Precap Visual — Method 2010, Cond. B 

• Stabilization Bake — Method 1008 

• Temperature Cycle — Method 1010 

• Centrifuge — Method 2001, Cond. E 

• Hermeticity — Method 1014, Cond. A, C 

• (Leak Rate<5x10-7 atm cc/s) 


ORDERING INFORMATION 


Order Part 
Number 

Function 

Package 

Temperature Range 

Harris 

Equivaient 

IH5148MJE 

Dual SPST 

16 Pin CERDIP 

-55'’C to125“C 

HI-5048 

IH5148CJE 

Dual SPST 

16 Pin CERDIP 

O^C to 

HI-5048 

IH5148CPE 

Dual SPST 

16 Pin Plastic DIP 

0 "C to 70"C 

HI-5048 

IH5148MFD 

Dual SPST 

14 Pin Flat Pack 

-50"C to125“C 

HI-5048 

IH5149MJE 

Dual DPST 

16 Pin CERDIP 

-55'’Cto125“C 

HI-5049 

IH5149CJE 

Dual DPST 

16 Pin CERDIP 

O'Cto 70“C 

HI-5049 

IH5149CPE 

Dual DPST 

16 Pin Plastic DIP 

0°C to 70‘’C 

HI-5049 

IH5149MFD 

Dual DPST 

14 Pin Flat Pack 

-50‘’Cto125“C 

HI-5049 

IH5150MJE 

SPDT 

16 Pin CERDIP 

-55°Cto125‘’C 

HI-5050 

IH5150CJE 

SPDT 

16 Pin CERDIP 

0 “C to 70‘’C 

HI-5050 

IH5150CPE 

SPDT 

16 Pin Plastic DIP 

O^C to 70“C 

HI-5050 

IH5150MFD 

SPDT 

14 Pin Flat Pack 

-50'’C to125"C 

HI-5050 

IH5151MJE 

Dual SPDT 

16 Pin CERDIP 

-55‘’C to125“C 

HI-5051 

IH5151CJE 

Dual SPDT 

16PirvOERDIP 

O^C to 70“C 

HI-5051 

IH5151CPE 

Dual SPDT 

16 Pin Plastic DIP 

0 “C to 70“C 

HI-5051 

IH5151MFD 

Dual SPDT 

14 Pin Flat Pack 

-50“Cto125‘’C 

HI-5051 


NOTES: 1. Ceramic (side braze) devices also available; consult factory. 

2. MIL temp range parts also available with MIL-STD-883 processing. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 304300-003 


NOTE: AH typical values have been characterized but are not tested. 
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IH5148-IH5151 


^DIMuH^fllL 


IH5148-IH5151 


ABSOLUTE MAXIMUM RATINGS 


v+,v- . 

V+,Vd . 

Vd.v-. 

Vd, Vs . 

Vl,V- . 

Vl,v,n. 

Vl . 

V|N . 

Current (Any Terminal) 
Storage Temperature 


.<36V 

.<30V 

.<30V 

.<±22V 

.<33V 

.<30V 

.<20V 

.<20V 

.<50mA 

-65*CtO +150‘’C 


Operating Temperature .-55“Cto+126“C 

Lead Temperature (Soldering, 10sec) . 300“C 

Power Dissipation. 450mW 

(All Leads Soldered to a P.C. Board) 

Derate 6mW/"C Above 70*0 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Ta@25'C.v+ = + i5V,v-15V.Vl=+5V) 


Per Channel 

Test Conditions 

Min/Max Limits 

■ 

■ 

Symbol 

Characteristic 

Militan 



-55X 



0 

+ 25“C 


l|N(ON) 

Input Logic Current 

V|n = 2.4V (Notel) 

±1 

±1 

±10 



±10 

n^ni 

l|N(OFF) 

Input Logic Current 

V|n = 0.8V (Notel) 

±1 

±1 



±1 

±10 

REI 

RdS(ON) 

Drain-Source On 

Resistance 

Vd=± 10V, ls=-10mA 

25 


in^iiii 


30 


n 

ARdS(ON) 

Channel to Channel Rds(ON) Match 



10 

(Typ) 

■ 




n 

Vanalog 

Min. Analog Signal 

Handling Capability 



±14 

(Typ) 





1 

in 




jj^Q 





mm 

Id(on) + 
iS(ON) 

Switch On Leakage Current 

VD = Vs=-10Vto +10V 



100 




mmn 

Q(inj) 

Charge injection 

See Figure 4 


(10) 

(Typ) 





mm 

OIRR 

Min. Off Isolation Rejection Ratio 



54 

(Typ) 





1 

SUPPLY 1 

1+ 

+ Power Supply Quiescent Current 

Vi = + 15V, V2=-15V. 
Vl=+5V, Vr = 0 


■El 

BHiM 


10 



I- 

- Power Supply Quiescent Current 


■El 

WiW 





II 

+ 5V Supply Quiescent Current 


■El 

BH!M 








■El 

BHiM 


10 



CCRR 

Min. Channel to Channel 

Cross Coupling Rejection Ratio 

One Channel Off; 

Any Other Channel 
Switches as per Figure 8 

1 


B 

■ 


■ 



NOTE 1. Some channels are turned on by high “1 ” logic inputs and other channels are turned on by low “0” inputs; however 0.8V to 2.4V describes the min. range 
for switching properly. Refer to logic diagrams to find logical value of logic input required to produce “ON” or “OFF” state. 


SWITCHING TIME SPECIFICATION 
IH5148 SPST SWITCH 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

^on 


Rl= 1 Kn. Vanalog = -1 ov 


250 

ns 

toff 

Switch “off” time 

To +10V; See Figures 3 and 6 


200 

ns 


IH5149 DPST SWITCH 


Symboi 

Parameter 

Test Conditions 

Min 

Max 

Units 

ton 

Switch “on” time 

RL=iKa, Vanalog = -10V 


350 

ns 

toff 

Switch “off” time 

To + 10V; See Figures 3 and 6 


250 

ns 


IH5150 & IH5151 SPOT SWITCH 


Symboi 

Parameter 

Test Conditions 

Min 

Max 

Units 

ton 

Switch “on” time 

Rl =1 Ka, Vanalog = -1 ov 


500 

ns 

toff 

Switch “off” time 

To +10V; See Figures 3 and 6 


250 

ns 


NOTE 2. For IH5150 & IH5151 devices, channels which are off for logic inputs 2.4V (Pins 3 & 4 on 5150, & Pins 3 & 4, 5 & 6 on 5151) have slower ton time, than 
channels on Pins 1,16, & 8, 9. This is done so switch will maintain break-before-make action when connected in DT configuration, i.e. Pin 1 connected in 
Pin 3. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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IH5148-IH5151 


^Dimi^DIL 


TEST CIRCUITS 



TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 



~12V-10-8-6-4-2 0V 2 +4V 6 8+10V+121 
ROS (ON) vs 

ANALOG INPUT VOLTAGE 


CROSS COUPLING 



FREQUENCY (Hz) 


0292-16 


0292-15 



0292-17 

CROSS COUPLING 
REJECTION TEST CIRCUIT 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 



NOTE: AH typical values have been characterized but are not tested. 
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IH5148-IH5151 


^Dim^OIL 


TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) (Continued) 

OFF ISOLATION vs FREQUENCY 



1Hz 10Hz 100Hz Ik 10k 100k 1M 


OFF ISOLATION TEST CIRCUIT 


FREQUENCY (Hz) 


0292-18 

POWER SUPPLY QUIESCENT CURRENT vs 
LOGIC FREQUENCY RATE 



LOGIC FREQUENCY @ 10% DUTY CYCLE (Hz) 



0292-20 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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Nulling Out Charge Injection: 

Charge injection (Qinj. on spec, sheet) is caused by gate 
to drain, or gate to source capacitance of the output switch 
MOSFET. The gates of these MOSFETs typicaily swing 
from -15V to +15V as a rapidly changing pulse; thus this 
30Vpp pulse is coupled through gate capacitance to output 
load capacitance, and the output “step” is a voltage divider 
from this combination. For example: 

Qinject (Vpp) a -^x30V step. 

^Load 

i.e. 

Cgate = 1 -SpF, CLoad = 10OOpF, then 
1.5pF 

Qinject(Vpp) = X 30V step = 45mVpp 

Thus if you are using switch in a Sample & Hold applica¬ 
tion with Csample= lOOOpF, a 45mVpp “Sample to Hold er¬ 
ror step” will occur. 

To null this error step out to zero the following circuit can 
be used: 


This configuration will produce a typical charge injection 
of Vqut ^ 10mVpp into the 10OOpF S & H capacitor shown. 

Fault Condition Protection 

If your system has analog voltage levels which are inde¬ 
pendent of the ± 15V (Power Supplies), and these analog 
levels can be present when supplies are shut off, you 
should add fault protection diodes as shown below: 



lOOOpF ^ 
S&H 

PADAriTnort- 



"iTl- 


Figure 7: Adjustable Charge injection 
Compensation Circuit 


The circuit shown above nulls out charge injection effects 
on switch pins 1 and 16; a similar circuit would be required 
on switch pins 8 and 9. 

Simply adjust the pot until VouT^OiTnVpp pulse, with 
Vanalog = OV. 

If you do not desire to do any adjusting, but wish the least 
amount of charge injection possible, then the following cir¬ 
cuit should be used: 


__ 






•f3V 

looopF S 


? 

TTL STROBE 

S&H 1 ^ W 

CAPACITOR':^ ® 



:iOKO 

® ® + 5V 

0 ® + 15V 

0 ® 

0 0 


H 

i 

>39Kfi 

0292-24 

Figure 8: No-Adjust Charge Injection 
Compensation Circuit 


0292-25 

Figure 9: Adding Diodes Protects Switch 


If the analog input levels are below ± 15V, the pn junc¬ 
tions of Q13 & Q15 are reversed biased. However if the 
±15V supplies are shut off and analog levels are still pres¬ 
ent, the configuration becomes: 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5148-IH5151 


IH5148-IH5151 


^DIFsifinii^DIL 


The need for these diodes, in this circumstance, is shown 
below; 



0292-27 

Figure 11 


If ANALOG in is greater than 1V, then the pn junction of 
Q15 is forward biased and excessive current will be drawn. 
The addition of IN914 diodes prevents the fault currents 
from destroying the switch. A similar event would occur if 
ANALOG In was less than or equal to -1V, wherein Q13 
would become forward biased. The IN914 diodes form a 
“back to back” diode arrangement with 013 & Q15 bodies. 


This structure provides a degree of overvoltage protec¬ 
tion when supplies are on normally, and analog input level 
exceeds supplies. 

This circuit will switch up to about ±18V ANALOG over¬ 
voltages. Beyond this drain(N) to body(P) breakdown VOLT¬ 
AGE of 013 limits overvoltage protection. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5341 

Dual SPST CMOS 
RF/Video Switch 



GENERAL DESCRIPTION 

The IH5341 is a dual SPST, CMOS monolithic switch 
which uses a “Series/Shunt” (“T” switch) configuration to 
obtain high “OFF” isolation while maintaining good frequen¬ 
cy response in the “ON” condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are typically 
ton = 150ns and toff=80ns, and “Break-Before-Make” 
switching is guaranteed. 

Switch “ON” resistance is typically 40n-50n with ±15V 
power supplies, increasing to typically 175n for ±5V sup¬ 
plies. The devices are available in TO-100 and 14-pin epoxy 
DIP packages. 


FEATURES 

• RDS(on)<75n 

• Switch Attenuation Varies Less Than 3dB From DC 
to 100MHz 

• “OFF” Isolation >70dB Typical @ 10MHz 

• Cross Coupling isolation >60dB @ 10MHz 

• Compatible With TTL, CMOS Logic 

• Wide Operating Power Supply Range 

• Power Supply Currents IjnA 

• “Break-Before-Make” Switching 

• Fast Switching (80ns/150ns Typ) 


ORDERING INFORMATION 



FD TO-IOO 



0295-1 Figure 2; Pin Configurations 

Figure 1: Functional Diagram 

(Switches are open for a logical “0” control 

input, and closed for a logical “1” control input.) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 305528-003 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

V+to Ground .+18V 

V“ to Ground.-18V 

Vl to Ground .V+toV- 

Logic Control Voltage.V+ toV- 

Analog Input Voltage .V+ to V- 

Current (any Terminal).50mA 

Operating Temperature: 

(M Version) .-SS^Cto+125*C 

(I Version) .-25*0 to +85*C 

(C Version) .O^C to + 70*C 


Storage Temperature .to +150*0 

Lead Temperature (Soldering, lOsec) . 300*C 

Power Dissipation. 250mW 

Derate above 25*0 @ .7.5mW/*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5341 


^DIMuli^fllL 


DC ELECTRICAL CHARACTERISTICS 

V + = + 15V, Vl= + 5V, V“ = -15V, Ta= 25‘’C unless otherwise specified. 









im 

Parameter 

Test Conditions 

Typ 














Supply Voltage 

Ranges 







■ 

■ 

■ 

v+ 

Positive Supply 


4.5>16 








Vl 

Logic Supply 

(Note 3) 

4.5>V+ 







D 

V- 

Negative Supply 


1 

V 

1 

o> 







■ 


Switch “ON” 

Vd=±5V 


75 

75 

100 

75 

75 

100 


RDS(on) 

Resistance 

Is = 10mA, V|n^2.4V 









(Note 4) 

Vd=±10V 


125 

125 

175 

150 

150 

175 


RDS(on) 

Switch “ON” 

V+=Vl=+5V, 


250 

250 

350 

300 

300 

350 

ft 

Resistance 

V|n = 3V 

V-=-5V, Vd=± 3V 
Is = 10mA 











ARDS(on) 

On Resistance 

Is = 10mA, 

5 








Match Between 

Channels 

Vd=±5V 










ViH 

Logical “1” Input Voltage 


>2.4 







V 

V|L 

Logical “0” Input Voltage 


<0.8 








•□(off) 

Switch “OFF” 

Vs/D= ±5V 



±0.5 

50 


±1.0 

100 


or 

Leakage 

V|n^0.8V 









Is(off) 

(Notes 2 and 4) 

Vs/D= ±14V 



±0.5 

50 


±1.0 

100 


•□(on) 

Switch “ON” 

Vs/D= ±5V 



±1 

50 


±2 


+ 

Leakage 

V|n^2.4V 









•s(on) 


Vs/D= ±14V 



±1 

100 


±2 



•in 

Input Logic Current 

V|n^ 2.4V or<0V 

0.1 

±1 

±1 

10 

±1 

±1 

10 


1 + 

Positive Supply 

Quiescent Current 

V|N = 0V or +5V 

0.1 

1 

1 

10 

1 

■ 



1- 

Negative Supply 
Quiescent Current 

V|N = 0V or +5V 

0.1 

1 

1 

10 

1 

■ 

10 


II 

Logic Supply 

Quiescent Current 

V|N = 0V or +5V 

0.1 

1 

1 

10 

1 

■ 




NOTES: 1. Typical values are not tested in production. They are given as a design aid only. 

2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 

3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 

4. The logic inputs are either greater than or equal to 2.4V or less than or equal to 0.8V, as required, for this test. 


AC ELECTRICAL CHARACTERISTICS 

V+ = + 15V, Vi_= +5V, V~ =0V, Ta= 25°C unless otherwise specified (Note 5). 


Symbol 

Parameter 

Test Conditions 

Min 




^on 


See Figure 4 





toff 

Switch “OFF” Time 

See Figure 4 


80 


OIRR 

“OFF” Isolation Rejection Ratio 

See Figure 5 (Note 6) 


70 


dB 

CCRR 


See Figure 6 (Note 6) 


60 


tsdB 

Switch Attenuation 3dB Frequency 

See Figure 7 (Note 6) 


100 




NOTES: 5. All AC parameters are sample tested only. 

6. Test circuit should be built on copper clad ground plane board, with correctly terminated coax leads, etc. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5341 

TEST CIRCUITS 


•f 1 SV 4 - sv 

,_ll_I” 

Vl 

2 Si $3 • 


j/nru 


v:_ QWD 

-15V TT 


VOUT 
Vanalog 5V 


VouT 

Vanalog = - 5V 


ov—^ 

. 3_5y_ 

^ 50% ^ 


J 

^90% ^ 


^ton — 

toll- - 

3.5V- 

l90% J 


Note: Only one channel shown. Other acts identically. 

Figure 4: Switching Time Test Circuit and Waveforms 




+ 15V 

l3 

+ 5V 

|io. 


vvl ^ 

V + 

Si 

Vl 

S2 


V|N ^ 

Ell 1 

r\ 

A 75ft 

*=• 

1 

•NiJsJ 


9_ — 


V" 

GND 



-15V 

4 

0295-7 

V|N = 225mVrms @ f = 10MHz 


CCRR = 20log-^ 

VOUT 

Figure 6: Cross-Coupiing Rejection Test Circuit 



+ 15V +5V 


4^ 

V + 

Si 

“i/ 

Vl 

S2 

v<r 

~NC 

1 ^ 

/n 

Dj 1 

r\ 

8 

F 

H5V-^ 

1 

L*<liN2 

9 


V- 

GNO 

4, 


ATTN; = 20 logio 


RDS(on) + RL 


Nominally, at DC, this ratio is equal to -4dB. When the attenuation 
reaches -IdB, the frequency at which this occurs is 


Note: Only one channel shown. Other acts identically. 

Figure 7: Switch Attenuation Versus Frequency, Test Circuit 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5341 


TYPICAL PERFORMANCES CHARACTERISTICS 


RDS(on} Versus Analog Input 
Voltage with + 15V Power Supplies 


RDS(on) Versus Analog Input Level 
with ± 5V Power Supplies 


OIRR (OFF Isolation Rejection) Versus 
Frequency (See Figure 5) 


PIN 3= +15V,PIN7 
PIN 10= +5V 
Ta = 25‘‘C 



^ SWITCH 

0—0 DRAIN 
J (OUT) 


CONTROL 

IN 


o-[3-4-^o 

DRIVER 

TRANSLATOR 


I_ Figure 8: Internal Switch Configuration _ 

DETAILED DESCRIPTION 

As can be seen in Figure 8, the switch circuitry is of the 
so-called “T” configuration, where a shunt switch is closed 
when the switch is open. This provides much better isola¬ 
tion between the input and the output than a single series 
switch does, especially at high frequencies. The result is 
excellent performance in the Video and RF region com¬ 
pared to conventional Analog Switches. 

The input level shifting circuit is similar to that of the 
IH5140 Series of Analog Switches, giving very high speed 
and guaranteed “Break-before-Make” action, with negligi¬ 
ble static power consumption and TTL compatibility. 



TTL IN (STROBE) 


*Adjust pot for OmVp.p step @ Vqut with no analog (AC) signal present 

Figure 9: Charge injection Compensation 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5341 


+ 15V +5V 



Figure 10: Alternative Compensation Circuit 


0295-16 


APPLICATIONS 

Charge Compensation Techniques 

Charge injection results from the signals out of the level 
translation circuit being coupled through the gate-channel 
and gate-source/drain capacitances to the switch inputs 
and outputs. This feedthrough is particularly troublesome In 
Sample-and-Hold or Track-and-Hold applications, as It 
causes a Sample (Track) to Hold offset. The IH5341 devic¬ 
es have a typical injected charge of 30pC-50pC (corre¬ 
sponding to 30mV-50mV in a lOOOpF capacitor), at Vs/d 
about OV. 

This Sample (Track) to Hold offset can be compensated 
by bringing in a signal equal in magnitude but of the oppo¬ 
site polarity. The circuit of Figure 9 accomplishes this 
charge injection compensation by using one side of the de¬ 
vice as a S & H (T & H) switch, and the other side as a 
generator of a compensating signal. The 1kft potentiometer 
allows the user to adjust the net injected charge to exactly 
zero for any analog voltage in the -5V to +5V range. 

Since individual parts are very consistent in their charge 
injection, it is possible to replace the potentiometer with a 
pair of fixed resistors, and achieve less than 5mV error for 
ail devices without adjustment. 

An alternative arrangement, using a standard TTL inverter 
to generate the required inversion, is shown in Figure 10. 
The capacitor needs to be increased, and becomes the only 
method of adjustment. A fixed value of 22pF is good for 
analog values referred to ground, while 35pF is optimum for 
AC coupled signals referred to -5V as shown in the figure. 
The choice of -5V is based on the virtual disappearance at 
this analog level of the transient component of switching 
charge injection. This combination will lead to a virtually 
“glitch-free” switch. 


1N914 



Figure 11: Overvoltage Protection Circuit 


Overvoltage Spike Protection 

If sustained operation with no supplies but with analog 
signals applied is possible, it is recommended that diodes 
(such as 1N914) be Inserted in series with the supply lines 
to the IH5341. Such conditions can occur if these signals 
come from a separate power supply or another location, for 
example. The diodes will be reverse biased under this type 
of operation, preventing heavy currents from flowing from 
the analog source through the IH5341. 

The same method of protection will provide over ±25V 
overvoltage protection on the analog inputs when the sup¬ 
plies are present. The schematic for this connection is 
shown in Figure 11. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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IH5352 

QUAD SPST CMOS 
RF/Video Switch 


GENERAL DESCRIPTION 

The IH5352 is a QUAD SPST, CMOS monolithic video 
switch which uses a “Series/Shunt” (“T” switch) configura¬ 
tion to obtain high “OFF” isolation while maintaining good 
frequency response in the “ON” condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are typically 
ton = 150ns and toff=80ns, and “Break-Before-Make” 
switching is guaranteed. 

Switch “ON” resistance is typically 40rt-50ft with ±15V 
power supplies, increasing to typically 1750 for ± 5V sup¬ 
plies. 


ORDERING INFORMATION 



0296-1 

Figure 1: Functional Diagram 
(Switches are open for a logic “0” control input, 
and closed for a logic “1” control input.) 



FEATURES 

• RDS(on) <750 

• Switch Attenuation Varies Less Than 3dB From DC 
to 100MHz 

• “OFF” Isolation >70dB Typical @ 10MHz 

• Cross Coupling isolation >60dB @ 10MHz 

• Directly Compatible with TTL, CMOS Logic 

• Wide Operating Power Supply Range 

• Power Supply Current <1jaA 

• “Break-Before-Make” Switching 

• Fast Switching (80ns/150ns Typ) 

APPLICATIONS 

• Video Switch 

• Communications Equipment 

• Disk Drives 

• Instrumentation 
•CATV 



0296-2 

Figure 2: Pin Configurations 
Package Outline Drawing: PE, JE 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 


MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


4305529-004 


NOTE: AH typical values have been characterized but are rrot tested. 
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IH5352 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C Unless otherwise Noted) 


V+to Ground . 

.+18V 

Storage Temperature . 

... -65*Cto +160"C 

V~ to Ground. 

.-18V 

Lead Temperature 


Vl to Ground . 

.V+ toV- 

(Soldering, lOsec) . 

. 300*0 

Logic Control Voltage. 

.V+ toV- 

Power Dissipation: 


Analog Input Voltage . 

.V+ toV- 

CERDIP . 

. 450mW 

Current (any terminal) . 


derate 4mW/‘’C above 25®C 


Operating Temperature: 


Plastic. 

. 350mW 

(M Version) . 

.-SS'Cto +125"C 

derate 3mW/“C above 25®C 


(1 Version) . 

.-20"Cto +85‘‘C 



(C Version) . 

.O^’Cto +70"C 




NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS 

V+ = + 15V, V~ = -15V, Vl= +5V, Ta= 25’’C unless otherwise noted. 







Maximum Ratings 


Symbol 

Parameter 

Tcifit nnnriitinnfi 

Typ 

M Grade Device 

I/C Grade Device 

Units 



@25*C 

-55*C 

+ 25*C 

+ 126*C 

O 

h 

CM 

1 

±25*C 

±85/ 

±70*C 

||||||l 

Supply Voltage 
Ranges: 






■ 

■ 


I 

■ 


Positive Supply 



5 to 15 







■ 


Logic Supply 

(Note 3) 


5tOl5 






bh 



Negative Supply 










■ 

RDS(on) 

Switch “ON” 

Is = 10mA 

Vd=±5V 

50 


wm 

lll^l 

mm 



■ 


Resistance (Note 4) 

< 

z 

IV 

ro 

< 

Vd=±10V 

100 



IHQII 




■ 

RDS(on) 

Switch “ON” 

ls= 10mA, V+ = 



■n 

■M 

WM 


III 

■ 

Resistance 

Vl=+5VV- = -5V, 
Vd=±3V, V|n= 3V 

175 







I 


ARDS(on) 

On Resistance Match 
Between Channels 

ls=10mA, Vd=±5V 

5 


■ 

■ 

■ 


B 

■ 

V|H 

Logical “1” 

Input Voltage 


>2.4 


■ 




B 

V 

V|L 

Logical “0” 

Input Voltage 


<0.8 


■ 



■ 

B 


•□(off) 

Switch ‘OFF* 

Vs/D= ±5V 






±2.0 

100 


or 

Leakage 

Vs/D =± 14V 



H 






•s(off) 

(Note 2 and 4) 

V|n^0.8V 







±2.0 

100 

nA 

iD(on) 

Switch ‘ON‘ 

Vs/D= ±5V 



±1.0 

100 


±2.0 

100 

+ 

Leakage 

Vs/d=±14V 









•s(on) 


V|n^2.4V 

_. 



±1.0 

100 


±2.0 

100 


ilN 

Logic Control 

Input Current 

V|N^2.4Vor <0V 

0.1 

+ 1 


10 


B 

B 


1 + 

Positive Supply 
Quiescent Current 

V|N = 0V or+5V 

0.1 

1 

D 

o 

1 

fl 

B 


1- 

Negative Supply 
Quiescent Current 

V|N = 0V or+5V 

0.1 

1 

n 

a 

a 

B 

B 

II 

Logic Supply 
Quiescent Current 

V|N = 0V or +5V 

0.1 

1 

n 

10 

a 

B 

B 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 


8-118 


































IH5352 


^QIFiSiriil^DIL 


AC ELECTRICAL CHARACTERISTICS 

v+ = + 15V. Vl = + 15V, V - = -15V, Ta = 25‘’C unless otherwise specified (Note 5). 


Symboi 

Parameter 

Min 

Typ 

Max 

Unit 

fon 

Switch “ON” Time 


150 

300 

ns 


Switch “OFF” Time 


80 

150 

OIRR 

“OFF” Isolation Rejection Ratio 


70 


dB 

CCRR 

Cross Coupling Rejection Ratio 


60 


fade 

Switch Attenuation 3dB Frequency 


100 


MHz 


Notes: 1. Typical values are not tested in production. They are given as a design aid only. 

2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 

3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 

4. The logic inputs are either greater than or equal to 2.4V or less than or equal to 0.8V, as required, for this test. 

5. All AC parameters are sample tested only. 



DETAILED DESCRIPTION 

Figure 3 shows the internal circuit of one channel of the 
IH5352. This is identical to the IH5341 “T-Switch” configu¬ 
ration. Here, a shunt switch is closed, and the two series 
switches are open when the video switch channel is open or 
off. This provides much better isolation between the input 
and output terminals than a simple series switch does, es¬ 
pecially at high frequencies. The result is excellent off-isola- 
tion In the Video and RF frequency ranges when compared 
to conventional analog switches. 

The control input level shifting circuitry is very similar to 
that of the IH5140 series of Analog Switches, and gives 
very high speed, guaranteed “Break-Before-Make” action, 
low static power consumption and TTL compatibility. 




3V ^ 

LOGIC CONTROL SIGNAL 

0296-4 

Figure 4: Switching Time Test Circuit and Waveforms 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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MM450/4517452/455 MM550/5517552/555 


MM450/451/452/455 

MM550/551/552/555 

High Voltage Analog Switch 



GENERAL DESCRIPTION 

The MM450, and MM550 series each contain p channel 
MOS enhancement mode transistors. These devices are 
useful in airborne and ground support systems requiring 
multiplexing, analog transmission, and numerous signal 
routing applications. The use of low threshold transistors 
(Vjh = 2 volts) permits operations with large analog input 
swings (±10 volts) at low gate voltages (-20 volts). 

Each gate Input is protected from static charge build-up 
by the incorporation of zener diode protective devices con¬ 
nected between the gate input and device bulk. 


ORDERING INFORMATION 


MM 


4 50 F 



Package 

F —14 Pin Flatpak 
J —14 Pin Sidebraze 
H —10 Pin Metal Can 

Device Type 

Temperature Range 

4 —(-55*0 to +125*0 

5 —(0“Cto 70*C) 


Analog Switch 


FEATURES 

• Large Analog Input — ±10V 

• Low Supply Voltage — Vbulk= + “lOV 

Vgg=-20V 

• Typical ON Resistance — V|n= -10V, 150a 

V|N= + 10V, 75n 

• Low Leakage Current — 200pA Typical @ 25*C 

• Input Gate Protection 


MM450, MM550 Dual 
Differential Switch 


MM451, MM551 Four 
Channel 4PST Mux 


MM452, MM552 QUAD 
SPST MOS 



GA Gl 

_ !I _^ 

B 

S' 1 


pi 


,UTL__ 

-J 

-HlfJ 


L_I_ 

TT _ 


IH'' 

.5_ 

TT 




OUTLINE DWG 


Q1 02 03 04 

8 

J 


10 4' ' 

„uit— 






cUp 

—Ijl 


TtT 






0302-1 

OUTLINE DWG TO-100 


OUTLINE DWG 
TO-100 


0302-2 

OUTLINE DWG TO-100 


Figure 1: Functional Diagram 


MM455, MM555 
Three SPST 

MOS Transistor Package 


g 

^ 1 

g 

9 

I ^ ■ 

r 

2 



4“ 


-1 — 

_ 

1 1 

L_—1- 



7^ toi si 

Q1 G2 G3 


G1 G2 G3 


70 10O 30 50 

-Ss,- 


jrJUs3 


OUTLINE DWGS 
JE,FD-2 

0302-3 

OUTLINE DWGS DD, FD-2 


OUTLINE DWG 
TO-100 

0302-4 

OUTLINE DWG TO-100 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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MM550/5517552/555 


ABSOLUTE MAXIMUM RATINGS (Notei) 

Gate Voltage (Vqg) .+ 14.5V to-30V 

Bulk Voltage (Vbulk) .+14V 

Analog Input (V|n) .+ 14V to -20V 

Power Dissipation. 200mW 


Operating Temperature 

MM450, MM451, MM452, MM455 ... - 55"C to +125"C 

MM550, MM551, MM552, MM555 .O^C to /O^C 

Storage Temperature.- 65°C to 4-1 SO^C 

Lead Temperature (Soldering, lOsec) . 300®C 


NOTE 1: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below TO’C. For higher 
temperature, derate at rate of tOmW/’C for FD package and 6.5 mW/^C for TW package. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (per channel unless noted) 


Symbol 

Characteristic 

Type 

Test Conditions 

Limits 




I2||!| 

Units 

UJ3 

V|N 

Analog Input Voltage 

Ail 


±10 



Max 

V 

VGS(Th) 

Threshold Voltage 

All 

Vdg = 0 

Id= —lOjitA 

-3.0 



Min 

V 

-1.0 



Max 

RdS(ON) 

Drain-Source On Resistance 

All 

ViN=-10V 

Id= 10mA 
Vb=10V 

Vgs=-20V 

600 


700 

Max 

€1 

V|N= + 10V 

200 


250 

Max 

n 

Iqbs 

Gate Leakage Current 

All 

Vgs=-25V,Vbs = Vds = 0 

±5 


100 

Max 

nA 

•d(OFF) 

Drain Leakage Current 

MM450, MM461 
MM452, MM455 

Vdb= -25 V 

VgB = Vsb = 0 

±0.5 


200 

Max 

nA 

MM550, Mk/1551 
MM552, MM555 

20 

100 


Max 

nA 

Is(off) 

Source Leakage Current 

MM450, MM451 
MM452, MM455 

VsB= -25V 

Vdb = Vgb = 0 

±0.5 


400 

Max 

nA 

MM550, MM551 
MM552, MM555 


100 


Max 

nA 

Cdb 

Drain-Body Capacitance 

All 

Vdb = Vgb = VsB = 0 
f=1MHz 

(Note 1) 

10 



Typ 

PF 

CSB 

Source-Body Capacitance 

MM450, MM550 

14 



Typ 

PF 

MM451,MM551 

24 



Typ 

pF 

MM452, MM552 

11 



Typ 

pF 

MM455, MM555 

11 



Typ 

pF 

Cgb 

Gate-Body Capacitance 

MM450, MM550 

13 



Typ 

pF 

MM451,MM551 

8 



Typ 

pF 

MM452, MM552 

9 



Typ 

pF 

MM455, MM555 

9 



Typ 

pF 

Cgs 

Gate-Source Capacitance 

All 

5 



Typ 

pF 


NOTE 1: Typical characteristics not tested in production 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MM450/4517452/455 MM550/5517552/555 












MM450/451/452/455 MM550/551/552/555 


MM450/451/452/455 raom^DIL 

MM550/5517552/555 


TYPICAL PERFORMANCE CHARACTERISTICS 


RDS(on) VS Vgs 



Vcs(V) 

0302-5 



RDS(on) vs Vgs 



VgsIV) 


0302-6 


0302-7 


DRAIN CURRENT vs GATE 
TO SOURCE VOLTAGE 



0 -1.0 -2.0 -3.0 -4.0 -5 0 

Vos - gate to source voltage (V) 


0302-8 
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Section 9 — Multiplexers 
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IH5116.9-10 

IH5208.9-14 

IH5216.9-23 

IH6108.9-27 

1H6116.9-33 

IH6201 .9-40 

IH6208.9-44 

IH6216.9-50 

IH9108.9-56 














IH5108 

8-Channel Fault Protected 
CMOS Analog Multiplexer 



GENERAL DESCRIPTION 

The IH5108 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI508A and similar devices, but adds fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when the 
input exceeds the supply rails by up to ± 25V, even with the 
supply voltage at zero. Further, an ON channel will be limit¬ 
ed to a throughput of about 1.5V less than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, D/A converters, etc. 

A binary 3-bit address code together with the ENable in¬ 
put allows selection of any one channel, or none at all. 
These 4 inputs are all TTL compatible for easy logic inter¬ 
face; the ENable input also facilitates MUX expansion and 
cascading. 


FEATURES 

• All Channels OFF When Power OFF, for Analog 
Signals up to ± 25V 

• Power Supply Quiescent Current Less Than 1mA 

• ±13V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• Pin Compatible With HI-508A 

• Any Channel Turns OFF if Input Exceeds Supply 
Rails by Up to ±25V 

• TTL and CMOS Compatible Binary Address and 
ENable inputs 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

IH6108MJE 

-55“CtO +125°C 

16 pin CERDIP 

IH5108IJE 

-20'’CtO +85“C 

16 pin CERDIP 

IH5108CPE 

0“Cto TO^C 

16 pin plastic DIP 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 304200-003 


NOTE: AH typical values have been characterized but are not tested. 
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IH5108 


ABSOLUTE MAXIMUM RATINGS 


V|n(A, EN).V- to (V+ -0.05) 

V||m(A, EN) to Ground .-15V to 15V 

VsorVDtoV+ .+25V. -40V 

VsorVotoV- .-25V, + 40V 


V+ to Ground.20V 

V~ to Ground.-20V 

Current (Any Terminal) .20mA 

Operating Temperature .-55 to 125^0 

Storage Temperature .-65to150®C 


Lead Temperature (Soldering, 10sec) . 300®C 

Power Dissipation*. 1200mW 


•All leads soldered or welded to PC board. Derate 10mW/'’C above 70“C. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (V+ = 15V, V~ = -15V, Ven = 2.4V, unless otherwise specified.) 




No 




Max Limits 


Characteristic 


Tests 


Typ 

M Suffix 

C Suffix 

Units 


Per 

Temp 



25X 

-55“C 

25“C 

125“C 

-20"C/ 

o»c 

25X 

85“C/ 

70"C 


SWiTCH 

i'DS(on) 

StoD 

8 

Vd=10V, 

ls=-100jutA 

Sequence each 
switch on 

900 

1200 

1200 

1800 

1500 

1500 

2000 

n 



8 


Val=0.8V. 

Vah = 2.4V 

900 

1200 

1200 

1800 

1500 

1500 

2000 

^rDS(on) 



* _ •'DS(on)max”i'DS(on)min 

•'DS(on)avg. 
Vs=±10V 

5 

■ 

1 

■ 

■ 

1 

■ 

% 

IS(off) 


8 

Vs=10V, Vd=-10V 


liliH 



50 


QQ 

50 




8 



0.02 



50 


B3B 



•□(off) 

D 

1 

Vd=10V,Vs=-10V 

Ven=0.8V 

0.02 


m 



QSQ 

|[[^ 




1 

Vd=-10V, Vs = 10V 




m 





mA 

b(on) 

D 

8 


Sequence each 
switch on 





■ 

±5 

100 



8 

Vs(AII) = Vd=-10V 

Val=0.8V, 

Vah = 2.4V 

Ven=2.4V 


■ 




±5 

100 


FAULT 

Is with 

Power OFF 

S 

8 



■ 

IQI 

■ 


5.0 


jxA 

IS(off)with 

Overvoltage 

S 

8 

V|n=+25V,Vo=±10V 



im 
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THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ELECTRICAL CHARACTERISTICS 

(V + = 15V, V“ = -15V, Ven = 2.4V, unless otherwise specified.) (Continued) 


Characteristic 

Measured 

Terminal 

No 

Tests 

Per 

Temp 

Test Conditions 

Typ 

25'C 

Max Limits 

Units 

M Suffix 

C Suffix 

1 

cn 

0 

25“C 

0 

U) 

CM 

V— 

-20'C/ 

0°C 

25X 

85X/ 

70“C 

INPUT 

lEN(on) lA(on) 
or 

•EN(off) lA(off) 

Ao,Ai ,A2 
or EN 


Va= 2.4V or OV 

0.01 


+ 1.0 

-30 


-10 

-30 

jliA 

4 

Va= 15V orOV 

0.01 


±1.0 

30 


10 

30 

DYNAMIC 

^transition 

D 


See Figure 3 

0.3 


1 





fXS 

fopen 

D 


See Figure 4 

0.2 







ton(EN) 

D 


See Figure 5 

0.6 


1.5 





toff(EN) 

D 


0.4 


1 





ton-toff Break- 
Before-Make 
Delay Settling 
Time 

D 

8 

Ven ~ ■*" 5V, Aq, A-| , A 2 Strobed 
V|fs|= +10V, Figures 

10 








“OFF” 

Isolation 

D 


Ven = 0 , Rl = 200a, Cl =3pF, 

Vs = 3VRMS,f=500kHz 

60 







dB 

Cs(off) 

S 


0 

II 

CO 

> 

Ven=ov. 
f= 140kHz 
to 1 MHz 

5 







PF 

CD(off) 

D 


0 

II 

Q 

> 

25 







CDS(off) 

DtoS 


Vs = 0, Vd = 0 

1 







SUPPLY 

Supply 

Current 

I + 

1 

Ven = 5V 

AIIVadd = 0V/5V 

0.5 

0.7 

0.6 

0.5 


1.0 


mA 

I- 

1 

0.02 

0.7 

0.6 

0.5 


1.0 


Note 1. Readings taken 400ms after the overvoltage occurs. 


SWITCHING TIME TEST CIRCUITS 




Figure 3: ttransition Switching Test Circuit and Waveforms 


INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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SWITCHING TIME TEST CIRCUITS (Continued) 



tr< 100ns f 




VOUT 


vsi» -av 


Si ON 


50% \ / S0% S0% \ 

——<► top«n -•— —^ topcn — 


Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 




Figure 5: ton and toff Switching Test Circuit and Waveforms 



ton and toH OF LOGIC 
INPUTS ions 


-4^8- 


Ao, Ai, A 2 

SEQUENCED 


BREAK-BEFORE > 


MAKE DELAY- 


V 


I INPUT 
--HOV 


BREAK-BEFORE 
MAKE DELAY - 




INPUT 

--10V 


Figure 6: Break-Before-Make Deiay Test Circuit and Waveforms 
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DETAILED DESCRIPTION 

The IH5108, like all Intersil’s multiplexers, contains a set 
of CMOS switches that form the channels, and driver and 
decoder circuitry to control which channel turns ON, if any. 
In addition, the IH5108 contains an internal regulator which 
provides a fully TTL compatible ENable input that is identi¬ 
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi¬ 
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi¬ 
plexer systems (see applications section). 

Another, and more important difference lies in the switch¬ 
ing channel. Previous devices have used parallel n- and p- 
channel MOSFET switches. While this scheme yields rea¬ 
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The IH5108 uses a novel series arrange¬ 
ment of the p- and n-channel switches (Figure 7) combined 
with a dielectrically isolated process to eliminate these 
problems. 



-15V -fisv -15V 



-15VFROM 15V FROM 
DRIVER DRIVER 


0289-11 

Figure 7: Series Connection of Channel Switches 


Within the normal analog signal range, the Inherent varia¬ 
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan¬ 
nel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec¬ 
tion is provided for any input or output channel against over¬ 
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, Including the back-gate driver devices 
which ensure optimum channel ON resistances and break¬ 
down voltage under the various conditions. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


9-5 


IH5108 






IH5108 


IH5108 


DETAILED DESCRIPTION (Continued) 


Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur¬ 
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 



+ 15V 



MAXIMUM SIGNAL HANDLING 
CAPABILITY 

The IH5108 is designed to handle signals in the ±10V 
range, with a typical rDS(on) of 600ft; it can successfully 
handle signals up to ±13V, however, rDS(on) will increase to 
about I.Skft. Beyond +13V the device approaches an 
open circuit, and thus ± 12V is about the practical limit, see 
Figure 11. 

Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera¬ 
ture. 


■^VSOURCE 


00 Ta«+25*C R>S(on) 



0289-16 

Figure 11: rDS(on) vs Signal Output Voltage @ Ta= + 25“C 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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rDS(on) 

A 


-10000 

_ 

-9000 


•F 10V SIGN Al^ 

- 

-8000 ^- 




SIGNALS 


-5000 


-4000 

- 

-3000 

VSUPP«±15V 

-2000 

ViN*a:10V 

-1000 

4 - 1 - 1 -1 _1_i-- ► 

-55"C -25«C 25"C 75*C 125*C 

TEMPERATURE 


0289-18 

Figure 13: Typical ros(on) Variation With Temperature 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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NOTE: AH typical values have been characterized but are not tested. 


9-7 


IH5108 









IH5108 



USING THE IH5108 WITH SUPPLIES 
OTHER THAN +15V 

The IH5108 will operate successfully with supply voltages 
from ±5V to ±15V, however rDS(on) increases as supply 
voltage decreases, as shown in Figure 14. Leakage cur¬ 
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of rDS(on) and 
leakage current remains reasonably constant. rDS(on) also 
decreases as signal levels decrease. For high system accu¬ 
racy [acceptable levels of rDS(on)] the maximum input signal 
should be 3V less than the supply voltages. The logic levels 
remain TTL compatible. 

APPLICATION NOTES 

Further information may be found in: 

A003 “Understanding and Applying the Analog Switch” 
A006 “A New CMOS Analog Gate Technology” 

A020 “A Cookbook Approach to High Speed Data Acquisi¬ 
tion and Microprocessor Interfacing” 


rospKi) 


Ta»+25“C 

20000 

- 

18000 

- 

18000 

.FOR ±2VSIGNALS 

14000 


12000 


10000 


8000 

10V SIGNAL 

8000 

-iovsignalD 

4000 

- 

2000 

_1__1_ 

±0V tSV ±10V ±15V 

0289-19 

Figure 14: Typicai rosrpn) Variation 

With Supply Voltages 



IH5108 APPLICATIONS INFORMATION 



Figure 15:1 of 16 Channel Multiplexer Using Two IH5108s. Overvoltage Protection is Maintained Between 


All Channels, As Is Break-Before-Make Switching. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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IH5108 APPLICATIONS INFORMATION (Continued) 




Figure 16:1 Of 32 Multiplexer Using 4 IHSIOSs and An IH5053 As A Submultipiexer. 
Note That The IH5053 Is Protected Against Overvoltages By The iH5108s. 
Submuitiplexing Reduces Output Leakage and Capacitance. 
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IH5116 

16-Channel Fault Protected 
CMOS Analog Multiplexer 


GENERAL DESCRIPTION 

The IH5116 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI506A and similar devices, but adding fault protection 
to the standard performance. A unique serial MOSFET 
switch ensures that an OFF channel will remain OFF when 
the input exceeds the supply rails by up to + 25V, even with 
the supply voltage at zero. Further, an ON channel will be 
limited to a throughput of about 1.5V less than the supply 
rails, thus affording protection to any following circuitry such 
as op amps, D/A converters, etc. Cross talk onto “good” 
channels is also prevented. 

A binary 2-bit address code together with the ENable in¬ 
put allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic inter¬ 
face. The ENable input also facilitates MUX expansion and 
cascading. 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

IH5116MJI 

- 55^0 to +125‘’C 

28 pin CERDIP 

IH5116CJI 

O^Cto +70“C 

28 pin CERDIP 

IH5116CPI 

0"Cto +70"C 

28 pin Plastic DIP 


Ceramic package available as special order only 
(IH5116MDI/CDI) 


v-d 
nc(T 
NC[T 
S16[T 
S15[l 
S14[T 
S13[Z 
S12 U 
S11 (T 
SlOQo 
S9[li 

gnoQI 

NC QI 
AsGi 


D 0(V0UD 
Izl V 
^ S8 
^S7 
HliS6 

m ss 

I11S4 
E S3 
»lS2 
msi 
m EN 
JZl *0 
m A, 

m a2 


TOP VIEW 

COMMON TO SUBSTRATE 


0290-1 

Figure 1: Pin Configuration 
(Outiine dwg Ji, Pi) 



FEATURES 

• Ali Channeis OFF When Power OFF, for Anaiog 
Signais Up to ±25V 

• Power Suppiy Quiescent Current Less Than 1mA 

• ± 13V Anaiog Signai Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• TTL and CMOS Compatibie Strobe Control 

• Pin Compatible With HI506A 

• Any Channel Turns OFF If Input Exceeds Suppiy 
Rails By Up to ±25V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 


DECODE TRUTH TABLE 


As 

A2 

Ai 

Aq 

EN 

On Switch 

X 

X 

X 

X 

0 

NONE 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

2 

0 

0 

1 

0 

1 

3 

0 

0 

1 

1 

1 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

1 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

1 

9 

1 

0 

0 

1 

1 

10 

1 

0 

1 

0 

1 

11 

1 

0 

1 

1 

1 

12 

1 

1 

0 

0 

1 

13 

1 

1 

0 

1 

1 

14 

1 

1 

1 

0 

1 

15 

1 

1 

1 

1 

1 

16 


Logic “1“ = Vah^2.4V Venh^2.4V 
Logic “0“ = Val^0.8V 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 304500-003 


NOTE: AH typical values have been characterized but are not tested. 
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TO DECODE LOGIC 
CONTROLLING BOTH 
TIERS OF MUXING 


ADDRESS DECODE 

ENABLE 

1 OF to 

LOGIC 


o o o o o 


A. A, Aa Ai EN 


4 LINE BINARY ADDRESS INPUTS 
(0001) AND EN - 5V 

ABOVE EXAMPLE SHOWS CHANNELS 9 TURNED ON. 


0290-2 

Figure 2: Functional Diagram 



+ 3.0V 

Va + 0.8V J r, sQo/^ 
SWITCH OUTPUT 

VOUT 0 
0.9VO 1 - 
Vo 
Vs 


"N c 50% 


-U| |-^^open -I—i 1—^open 

_t?C4L 


Figure 3: topen (Break-Before-Make) Switching Test 
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Lead Temperature (Soldering, 10sec) .SOO^C 

Power Dissipation*. 1200mW 

* All leads soldered or welded to PC board. Derate 10mW/®C above 70°C. 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (v+ = 15V, V“ = -15V, Ven = 2.4V, unless otherwise specified.) 


Characteristic 

Measured 

Terminal 

No 

Tests 

Per 

Temp 

Test Conditions 

Typ 

25”C 

Max Limits 

Units 

M Suffix 

C Suffix 

-5B^C 

25X 

125°C 

OX 

25X 

70X 

SWITCH 

RDS(on) 

StoD 

16 

Vd=10V, 

ls=-100jaA 

Sequence each 
switch on 

900 

1200 

1200 

1800 

1500 

1500 

2000 

a 

16 

Vd=-10V 

Is=-100|liA 

Val=0.8V, 

Vah = 2.4V 

900 

1200 

1200 

1800 

1500 

1500 

2000 

ARDS(on) 



A PI ^□S(on)max""RDS(on)min 

RDS(on)avg. 
Vs=±10V 

5 







% 

IS(off) 

S 

16 

Vs = 10V, 

Vd=-10V 

Ven=0.8V 

0.02 


±0.5 

50 


± 1.0 

50 

nA 

16 

< < 
0 CO 

It II 

0 

0 

< 

0.02 


±0.5 

50 


± 1.0 

50 

•□(off) 

D 

1 

Vd=iov, 

Vs=-10V 

0.05 


± 1.0 

100 


± 2.0 

100 

1 

< 

D 

II 

1 

0 

< 

< 

CO 

II 

0 

< 

0.05 


± 1.0 

100 


± 2.0 

100 

•□(on) 

D 

16 

Vs(AII) = Vd=10V 

Sequence each 
switch on 
Val=0.8V, 

Vah = 2.4V 

0.1 


± 2.0 

100 


±4.0 

100 

16 

Vs(AII)==Vd = -10V 

0.1 


± 2.0 

100 


±4.0 

100 

FAULT 

Is with 

Power OFF 

S 

16 

VsuPP^OV, V|N= ±25V, 

Ven = Vo = OV, Aq, Ai , A 2 = OV or 5V 

B 

■ 


■ 

■ 


■ 


ls(ofowith 

Overvoltage 

S 

16 

Vin=±25V, Vo=+10V 

B 


2.0 


■ 


■ 

INPUT 

•EN(on) •A(on) 

or 

•EN(off) •A(off) 

Aq, Ai, 
A 2 , A 3 
orEN 

4 

Va = 2.4V or OV 

0.01 


-10 

-30 


-10 

-30 

fxA 

4 

Va=15V 

0.01 


10 

30 


10 

30 


IH5116 


ABSOLUTE MAXIMUM RATINGS 

V|N (A, EN) to Ground .V-toV+ 

Vs or Vd to V Ground.+ 25V to -40V 

VsorVptoV- .-25Vto + 40V 

V+ to Ground.20V 

V“ to Ground.- 20 V 

V-toV+ .+25V 

Current (Any Terminal) .20mA 

Operating Temperature .- 55 to +125®C 

Storage Temperature .-65to+150°C 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

(V + = 15V, V - = -16V, Ven = 2.4V, unless otherwise specified.) (Continued) 


Characteristic 

Measured 

Terminal 

No 

Tests 

Per 

Temp 

Test Conditions 

Typ 

25°C 

Max Limits 

Units 

M Suffix 

C Suffix 

1 

01 

0 

0 

to 

CM 

125^ 

OX 

25X 

70X 

DYNAMIC 

^transition 

D 



0.3 


1 





JLlS 

topen 

D 



0.2 








D 



0.6 


1.5 






D 


0.4 


1 





^on"^off Break- 
Before-Make 
Delay Settling 
Time 

D 

16 

Ven ~ "*■ 5V, Aq, A-| , A 2 Strobed 
V|N=±10V. 

25 







ns 

“OFF” 

Isolation 

D 


Ven = 0 . RL=200n, Cl=3pF. 
Vs=3VRMS,f=500kHz 

60 







dB 


S 


5= 

II 

0 

Ven = OV. 
f= 140kHz 
to 1 MHz 

5 







PF 

BiSIIIIIIIIII 

D 


0 

II 

a 

> 

25 







sssmn 

DtoS 


Vs=0. Vd=0 

1 







SUPPLY 

Supply 

Current 


1 + 

1 

AIIVa=0V/5V 

Ven = 6V 

0.5 


0.6 



1.0 


mA 

- 

1- 

1 

0.02 


0.6 



1.0 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH5208 

4-Channel Differential 
Fault Protected 
CMOS Analog Multiplexer 


GENERAL DESCRIPTION 

The IH5208 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI509A and similar devices, but adds fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when the 
input exceeds the supply rails by up +0 ±25V, even with the 
supply voltage at zero. Further, an ON channel will be limit¬ 
ed to a throughput of about 1.5V less than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, D/A converters, etc. 

A binary 2-bit address code together with the ENable in¬ 
put allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic inter¬ 
face; the ENable input also facilitates MUX expansion and 
cascading. 

ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

IH5208MJE 

-55"Cto +125“C 

16 pin CERDIP 

IH5208IJE 

-20*^010 +85‘’C 

16 pin CERDIP 

IH5208CPE 

(fO to 70^0 

16 pin plastic DIP 


FEATURES 

• All Channels OFF When Power OFF, for Analog 
Signals Up to ±25V 

• Power Supply Quiescent Current Less Than IjmA 

• ± 13V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With HI -509A 

• Any Channel Turns OFF if Input Exceeds Supply 
Rails by Up to ±25V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 


DECODE TRUTH TABLE 


On Switch 

Dair 


ADDRESS DECODE 
10F4 


2 LINE BINARY ADDRESS INPUTS 
(0 0)ANDEN«1 

ABOVE EXAMPLE SHOWS CHANNELS la AND 1b ON 


Figure 1. Functional Diagram 


Ao, Ai, EN 

Logic “1“ = Vah^2.4V 
Logic “0“ = Val^0.8V 


A. [I 


U Ai 

EN U 


^ ONO 

V- [? 



Si« [T 


jU Sib 

S2« [T 


S2b 

S3a 


^ S3b 

S4a [7 


^ S«b 

H 


go. 


Figure 2: Pin Configuration 
(Outline dwg JE, PE) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 304250-003 

NOTE: AH typical values have been characterized but are not tested. 9-14 
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ABSOLUTE MAXIMUM RATINGS 


V|N (A, EN) to Ground .-15V, +15V 

VsorVDtoV+ .+25V, -40V 

VsorVotoV- .-25V, +40V 

V+ to Ground.20V 

V" to Ground.- 20 V 

Current (Any Terminal) .20mA 

Operating Temperature .-55to125“C 

Storage Temperature .-65 to 150®C 


Lead Temperature (Soldering, 10sec) . 300®C 

Power Dissipation (Package)* . 1200mW 


♦All leads soldered or welded to PC board. Derate lOmW/'C above 70*0. 
NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS V + = 15V, V~ = -15V, Ven = 2.4V, unless otherwise specified. 


Characteristic 

Measured 

Terminal 

No 

Tests 

Per 

Temp 

Test Conditions 

Typ 

25°C 

Max Limits 

Units 

M Suffix 

C Suffix 

-55"C 

25X 

125X 

-20X/ 

OX 

25X 

85X/ 

70X 

SWITCH I 

rDS(on) 

StoD 

8 

Vd=10V, 

ls=-100jaA 

Sequence each 
switch on 

Val=0.8V, 

Vah = 2.4V 

900 

1200 

1200 

1800 

1500 

1500 

2000 


8 

Vd=~10V 

ls=-100jaA 

900 

1200 

1200 

1800 

1500 

1500 

2000 

^•'DS(on) 



* __ '^DS(on)max~fDS(on)min 

rDS(on)avg. 

Vs=±10V 

5 








•S(off) 

S 

8 

Vs = 10V, 

Vd=-10V 

Ven = 0.8V 

0.02 


±0.5 

50 


±1.0 

50 


8 

> 

1 ° 

II II 

CO Q 
> > 

0.02 


±0.5 

50 


±1.0 

50 

iD(off) 

D 

1 

Vd=10V, 

Vs=-10V 

0.02 


±1.0 

100 


±2.0 

100 

1 

< 

a 

II 

1 

o 

< 

< 

CO 

II 

o 

< 

0.05 


±1.0 

100 


±2.0 

100 

•□(on) 

D 

8 

Vs(AII) = Vd=10V 

Sequence each 
switch on 
Val=0.8V, 

Vah = 2.4V 

0.1 


±2.0 

100 


±5.0 

100 

1 

8 

< 

CO 

> 

< 

o 

11 

1 

o 

< 

0.1 


±2.0 

100 


±5.0 

100 

FAULT 

Is with 

Power OFF 

S 

8 

VsuPP^OV, V,n-±25V, 

Ven = Vo = OV, Aq, Ai , A 2 = OV 

1.0 


2 



5 


jxA 

•s(off) with 
Overvoltage 

S 

8 

V|n=±25V, Vo=±10V 

1.0 


5 



10 


INPUT I 

lEN(on) lA(on) or 
lEN(off) •A(off) 

Ao. Ai, Aa 2 
or EN 

4 

Va = 2.4V or OV 

0.01 


-10 

-30 


-10 

-30 

juiA 

4 

Va= 16V or OV 

0.01 


10 

30 


10 

30 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

V+ = 15V, V~ = -15V, Ven = 2.4V, unless otherwise specified. (Continued) 



Note 1. Readings taken 400ms after the overvoltage occurs. 


SWITCHING INFORMATION 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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SWITCHING INFORMATION (Continued) 


Ai 


^BaaANDSab 

Ao 

IHS208 


sy/~ 


J 

-o%-f 

1 1 

i J 


-OVOUT 

200« iaspF 


va -h 0.8V so% 

SWITCH OUTPUT , , , I , , * 

VOUT 0 1—:r ^-!<>p«" J -< op«n 

“S_ 3 \_JyL 

Vs I- 1 


Figure 4: topen (Break-Before-Make) Switching Test 


> OVOUT 
^iKfi ;i:35pF 


tr AND tf s lOOns -t-O.SVX - 50% 
0V|. 

o-ivoF rTT 


SWITCH OUTPUT 
VouT 


_Vo po. 


<50% 

I |^*EN(oll> 


0293-7 

Figure 5: ton and toff Switching Test 



ton and toH OF LOGIC 
INPUTS lOna 


Ao,Ai 

SEQUENCED 


BREAK-BEFORE < 

MAKE DELAY-—I !*- 


BREAK-BEFORE iA| 
MAKE DELAY — 


0293-9 

Figure 6: Break-Before-Make Delay Test 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


9-17 










IH5208 


IH5208 


^DIFiSuli^DIL 


DETAILED DESCRIPTION 

The IH5208, like all Intersil’s multiplexers, contains a set 
of CMOS switches that form the channels, and driver and 
decoder circuitry to control which channel turns ON, if any. 
In addition, the IH5208 contains an internal regulator which 
provides a fully TIL compatible ENable input that is identi¬ 
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi¬ 
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi¬ 
plexer systems (see applications section). 

Another, and more important difference lies in the switch¬ 
ing channel. Previous devices have used parallel n- and p- 
channel MOSFET switches. While this scheme yields rea¬ 
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling In cases 
of input overrange. The IH5208 uses a novel series arrange¬ 
ment of the p- and n-channel switches (Figure 7) combined 
with the dielectrically isolated process to eliminate these 
problems. 



-25V c 
OVERVOLTAGE^ 

I N-CHANNEL MOSFET- 
IS TURNED ON 
I BECAUSE -t-25V 



1< ^ -2SV 

15 T 


P-CHANNEL 
MOSFET IS OFF 


1/1 


Id 


-t-25V FORCED 
ONCOMMON 
03 OUTPUT 
LINE BY 
EXTERNAL 
D\ CIRCUITRY 


_ N-CHANNEL 
•sr MOSFET IS OFF 


(a) OVERVOLTAGE WITH MUX POWER OFF 

-15V +15V -15V 


-25V 

OVERVOLTAGE 



I N-CHANNEL MOSFET 
IS TURNED ON 
■ because Vos «-•-10V 


yf 




ij 

r 1 

Lttj 

rxi 

i 



-t-25V FORCED 
ON COMMON 
OUTPUT 
LINE BY 
EXTERNAL 


N-CHANNEL 
MOSFET IS OFF 
-15V FROM -HSVFROM P-CHANNEL 
DRIVERS DRIVERS MOSFET IS OFF 


(b) OVERVOLTAGE WITH MUX POWER ON 
Figure 8: Overvoltage Protection 


Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur¬ 
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 


Within the normal analog signal range, the inherent varia¬ 
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan¬ 
nel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec¬ 
tion is provided for any input or output channel against over¬ 
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break¬ 
down voltage under the various conditions. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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•fISV 



Figure 10: Protection Against Logic Input 


Ui 

10 

O 

€0 


MAXIMUM SIGNAL HANDLING 
CAPABILITY 

The IH5208 is designed to handle signals in the ±10V 
range, with a typical rQS(on) of 600n; it can successfully 
handle signals up to ± 13V, however, rDS(on) will increase to 
about 1.8kft. Beyond ±13V the device approaches an 
open circuit, and thus ± 12V is about the practical limit, see 
Figure 11. 

Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera¬ 
ture. 


Ta * + 25*C •■OS<on) 




INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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USING THE IH5208 WITH SUPPLIES 
OTHER THAN ±15V 

The IH5208 will operate successfully with supply voltages 
from ±5V to ±15V, however rosjon) increases as supply 
voltage decreases, as shown in Figure 14. Leakage cur¬ 
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of rDS(on) and 
leakage current remains reasonably constant. rQS(on) also 
decreases as signal levels decrease. For high system accu¬ 
racy [acceptable levels of rDS(on)l 'he maximum input signal 
should be 3V less than the supply voltages. The logic 
thresholds remain TTL compatible. 

APPLICATION NOTES 

Further information may be found in: 

A003 “Understanding and Applying the Analog Switch” 
A006 “A New CMOS Analog Gate Technology” 

A020 “A Cookbook Approach to High Speed Data Acquisi¬ 
tion and Microprocessor Interfacing” 


IH5208 APPLICATIONS INFORMATION 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE. IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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IH5208 APPLICATIONS INFORMATION (Continued) 



A3 

A2 

Ai 

Ao 

On Switch 


On Switch 


0 

0 

0 

0 

Sla 


Sib 


0 

0 

0 

1 

S2a 


S2b 


0 

0 

1 

0 

S3a 


S3b 


0 

0 

1 

1 

S4a 


S4b 


0 

1 

0 

0 

S5a 


S5b 


0 

1 

0 

1 

S6a 


S6b 


0 

1 

1 

0 

S7a 


S7b 


0 

1 

1 

1 

S8a 

VouTa 

S8b 

VoUTb 

1 

0 

0 

0 

S9a 


S9b 


1 

0 

0 

1 

SlOa 


SlOb 


1 

0 

1 

0 

Slla 


S11b 


1 

0 

1 

1 

S12a 


S12b 


1 

1 

0 

0 

SI 3a 


S13b 


1 

1 

0 

1 

S14a 


S14b 


1 

1 

1 

0 

S15a 


S15b 


1 

1 

1 

1 

S16a 


S16b 



Figure 16: Submuitiplexed 2 of 32 System. The Two IH5043S Are Overvoltage Protected By The IH5208s. 
Submuitiplexing Reduces Output Capacitance and Leakage Currents. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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IH5216 

8-Channel Differential 
Fault Protected 
CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH5216 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI507A and similar devices, but adding fault protection 
to the standard performance. A unique serial MOSFET 
switch ensures that an OFF channel will remain OFF when 
the input exceeds the supply rails by up to ± 25V, even with 
the supply voltage at zero. Further, an ON channel will be 
limited to a throughput of about 1.5V less than the supply 
rails, thus affording protection to any following circuitry such 
as op amps, D/A converters, etc. Cross talk onto “good” 
channels is also prevented. 

A binary 2-bit address code together with the ENable In¬ 
put allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic inter¬ 
face. The ENable input also facilitates MUX expansion and 
cascading. 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

IH5216MJI 

-55“Cto +125“C 

28 pin CERDIP 

IH5216CJI 

0“Cto +70“C 

28 pin CERDIP 

IH5216CPI 

0“Cto +70“C 

28 pin Plastic DIP 


Ceramic package available as special order only (IH5216MDI/CDI) 





v+ E 


H Da 

Db E 


27) V- 

Nc n. 


D S8a 

S8bE 


Ei S7a 

STbU 


^ S6a 

sebCt 


M) S5a 

SSb E 


il S4a 

SSbS 


13 S3a 

S3b d 


^ S2a 

S2bI3s 


g Sla 

SlbE 


il EN 

GND []I 


IZ] Ao 

NC d 


m A, 

NC [u 


iD Aa 


TOP VIEW 


V+ COMMON TO SUBSTRATE 1 



0294-1 

Figure 1: Pin Configuration 

(Outiine dwgs Ji, Pi) 



FEATURES 

• All Channels OFF When Power OFF, for Analog 
Signals Up to ± 25V 

• Power Supply Quiescent Current Less Than 1mA 

• +13V Anaiog Signai Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• TTL and CMOS Compatibie Strobe Control 

• Pin Compatible With HI507A 

• Any Channel Turns OFF If Input Exceeds Supply 
Rails By Up to ±25V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 


DECODE TRUTH TABLE 


A2 





X 

X 

X 



0 

0 

0 



0 

0 

1 



0 

1 

0 



0 

1 

1 

1 

4 

1 

0 

0 

1 

5 

1 

0 

1 

1 

6 

1 

1 

0 

1 

7 

1 

1 

1 

1 

8 


Logic “1“=Vah>2.4V Venh>2.4V 
Logic “0“=Val<0,8V 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


V|N (A, EN) to Ground .-15V to +15V 

Vs or Vd to V+ .+ 25V to -40V 

VsorVotoV- .-25Vto+40V 

V+ to Ground.20V 

V“ to Ground.-20V 

Current (Any Terminal) . 20 mA 

Operating Temperature .-55to+125®C 

Storage Temperature .-65to+150“C 


Lead Temperature (Soldering, 10sec) .SOO^C 

Power Dissipation*. 1200mW 


*AII leads soldered or welded to PC board. Derate 10mW/**C above 70°C. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings oniy 
and functionai operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
implied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reliabiiity. 


ELECTRICAL CHARACTERISTICS (V+ = 15V, v- = -15V, Ven = 2.4V, unless otherwise specified.) 


Characteristic 

Measured 

Terminal 

No 

Tests 

Per 

Temp 

Test Conditions 

Typ 

25°C 

Max Limits 

Units 

M Suffix 

C Suffix 

p 

to 

u> 

1 

25"C 

125^ 

0*C 

p 

U) 

CM 

70X 

SWiTCH 

RDS(on) 

StoD 

16 

Vd=10V, 

Is=-100/llA 

Sequence each 
switch on 

1000 

1200 

1200 

1800 

1500 

1500 

2000 

1 

16 












■ 

ARDS(on)- ^DS(on)max-RDS( 9 n)m|n 
RDS(on)avg. 
Vs=±10V 


1 

1 

1 

1 

1 

1 



S 



Ven~0-8V 


■ 



■ 


50 

nA 




■ 



.. 

±1.0 

50 



■ 



■ 




±2.0 

100 

— 


0.05 


±1.0 

100 


±2.0 

100 

iD(on) 

D 



Sequence each 
switch on 
Val=0.8V, 

Vah = 2.4V 


■ 


mn 

■ 



16 

Vs(Ali) = VD=-10V 


■ 

i^nn 


■ 



FAULT 

Is with 

Power OFF 

S 

16 

VsuPP = 0V. Vin=±25V, 

Ven = Vo = OV, Ao, Ai, A 2 = OV or 5V 

1.0 


2.0 



5.0 


jaA 

IS(off) with 
Overvoltage 

S 

16 

V|n=±25V,Vo=±10V 

1.0 


2.0 



5.0 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

(V+ = 15V, V" = -15V, Ven = 2.4V, unless otherwise specified.) (Continued) 


Characteristic 

Measured 

Terminal 

No 

Tests 

Per 

Temp 

Test Conditions 

Typ 

25°C 

Max Limits 


M Suffix 

C Suffix 

-SSX 

25X 

125“C 

OX 

25X 

70X 

iNPUT 

lEN(on) lA(on) 
or 

JEN(off) U(off) 

Aq, Ai 

A2, As 
orEN 

4 

VA = 2.4VorOV 


■ 



■ 


-30 

fxA 

4 

Va=15V 

Q!|| 


10 

30 


m 

Kil 

DYNAMIC 


D 



1!KI 


1 





jmS 

^open 

D 



09 








D 





m 






D 


la 


1 





ton-toff Break- 
Before-Make 
Delay Settling 
Time 

D 

16 

Ven “ “I" 5V, Aq, Ai, A 2 Strobed 
V|N=±10V. 


■ 

1 

1 

1 

1 

1 



D 




■ 



■ 

■ 

■ 



S 


Vs = 0 


5 







PF 


D 


Vd = 0 

m 







CDS(off) 

DtoS 


Vs = 0, Vd = 0 

1 







SUPPLY 

Supply 

Current 


I + 

1 


^0911 


ESI 



IQ 

■ 


- 

I- 

1 

0.02 


ESI 



m 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6108 

8-Channel CMOS 
Analog Multiplexer 

GENERAL DESCRIPTION 

The IH6108 is a CMOS one of 8 multiplexer. The part is a 
plug-in replacement for the DG508. Three line decoding is 
used so that the 8 channels can be controlled by 3 Address 
inputs; additionally a fourth input is provided for use as a 
system enable. When the ENable input is high (5V), a chan¬ 
nel is selected by the three Address inputs, and when low 
(OV) all channels are off. The 3 Address inputs are TTL and 
CMOS logic compatible, with a “1” corresponding to any 
voltage greater than 2.4V. 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

IH6108MJE 

-55^ to +125”C 

16 pin CERDIP 

IH6108CJE 

0°Cto70“C 

16 pin CERDIP 

IH6108CPE 

0“C to 70°C 

16 pin plastic DIP 


FEATURES 

• Ultra Low Leakage — l[)(off)^100pA Typical 

• rQS(on)<400 Ohms Over Full Signal and Temperature 
Range 

• Power Supply Quiescent Current Less Than IOOjliA 

• ± 14V Anaiog Signal Range 

• No SCR Latchup 

• Break’Before-Make Switching 

• Binary Address Control (3 Address Inputs Control 8 
Channels) 

• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With DG508, Hi-508 & AD7508 

• Internal Diode In Series With V + for Fault Protection 


Ceramic package available as special order only 
(IH6108MDE/CDE) 



ADDRESS DECODE 
I 1 OF 8 


Ao Ai A 2 EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 
(1 0 1) AND EN @ 5V 

ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON 


DECODE TRUTH TABLE 


A2 Ai Ao EN On Switch 



Aq, Ai, A2 

Logic “1“=Vah^2.4V Venh^4.5V 
Logic “0“=Val^0.8V 



Figure 1: Functional Diagram 


Figure 2: Pin Configuration 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 305530-003 


NOTE: AH typical values have been characterized but are not tested. 
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IH6108 


ABSOLUTE MAXIMUM RATINGS 


V|N (A, EN) to Ground .-15V to 15V 

VsorVDtoV+ .0,-36V 

VsorVotoV- .0,36V 

V+to Ground .16V 

V-to Ground .-16V 

Current (Any Terminal) .30mA 


Current (Analog Source or Drain) .20mA 

Operating Temperature .-55to126‘’C 

Storage Temperature .-65to150®C 

Lead Temp (Soldering, lOsec) .OOOX 

Power Dissipation (Package)* . 1200mW 


* All leads soldered or welded to PC board. Derate 10mW/*C above 70®C. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

V+ =15V, V“ = -15V, Ven= +5V (Note 1), Ground=0V, unless otherwise specified. 


Characteristic 

Measured 

Terminal 


Typ 

25X 

Test Conditions 

Max Limits 


M Suffix 

C Suffix 







SWITCH 1 

''DS(ON) 

StoD 

8 

BBil 


Sequence each switch on 

Val = 0.8V,Vah = 2.4V 

300 

300 

400 

350 

350 

450 

Q 

8 

103 


KIM 

BIBI 

353 


331 

BBil 

ArDS(ON) 



20 

ARDS(on)=7^^2!!lminv3=±iov 

rDS(on)avg. 







% 

IS(OFF) 

S 

8 

0.002 

Vs = 10V, Vd=-10V 



+.5 

50 


±1 

50 

nA 

8 

0.002 

Vs=-10V, Vd=10V 

Ven=0.8V 


±.5 

50 


±1 

50 

Id(OFF) 

D 

1 

0.03 

Vd=10V,Vs=-10V 


±2 

100 


±5 

100 

1 

8 

d 

Vo=-10V, Vs=10V 


±2 

100 


±5 

100 

Id(on) 

D 

8 

0.1 

Vs(ALL) = Vd=10V 

Sequence each switch on 
Val = 0.8V,Vah = 2.4V 


±2 

100 


±5 

100 

8 

0.1 

Vs(ALU = Vd=-10V 


±2 

100 


±5 

100 

INPUT 1 

IaN(ON) or lA(on) 
IaN(OFF) lA(off) 

Aq, Ai or A 2 
Inputs 

Aq, Ai , A 2 

3 

0.01 

VA = 2.4VorOV 



-10 

-30 


-10 

-30 

juA 

3 

0.01 

VA=14VorOV 



10 

30 


10 

30 

Ia 

3 


> 

in 

11 

z 

UJ 

> 

All Va=0 (Address pins) 


-10 

-30 


-10 

-30 

EN 

1 


< 

m 

z 

II 

0 



-10 

-30 


-10 

-30 

DYNAMIC 1 

ttransition 

D 


0.3 

See Fig. 1 


1 





fXS 

topen 

D 


0.2 

See Fig. 2 







ton(EN) 

D 


0.6 

See Fig. 3 


1.5 





toff(EN) 

D 


0.4 



1 





“OFF” Isolation 

D 


60 

Ven = 0, Rl = 200n, Cl = 3pF, Vs=3VRMS, 
f= 500kHz 







dB 


S 


5 

Vs-0 










D 


25 

Vd = 0 




■ 

■ 

■ 




1 

Vs = 0, Vd=0 




□ 



SUPPLY 1 

Supply 

Current 

+ 

V+ 

1 

■9 

Ven = 5V 

All VA=0or 5V 


IQSQ 



1031 



- 

V- 

1 

2 


IBIil 



IBI!I!I 


Standby 

Current 

B 

V+ 

1 

1 

Ven = 0 


BBI 





- 

V- 

1 

1 


100 



Dsm 

■1 


NOTE 1: See Enable Input Strobing Levels, in Appiication Section. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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^DM^DIL 


SWITCHING INFORMATION 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6108 


IH6108 raiMuH^DIL 


+15V 




Figure 5: ton and toff Switching Test 

IH6108 APPLICATION INFORMATION 
ENable Input Strobing Levels 

The ENable input on the IH6108 requires a minimum of 
+4.5V to trigger to the “1 ” state and a maximum of +0.8V 
to trigger to the “0” state, if the ENable input is being driven 
from TTL iogic, a pull-up resistor of 1 k to 3kn is required 
from the gate output to + 5V supply. (See Figure 6) 



When the EN input is driven from CMOS logic, no puilup is necessary, see Fig. 7. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6108 ^flmi^DIL 



The supply voltage of the CD4009 affects the switching 
speed of the IH6108; the same is true for TTL supply volt¬ 
age levels. The following chart shows the effect, on Vans 
for a supply varying from + 4.5V to + 5.5V. 


CMOS or TTL 
Supply Voltage 

+ 4.5V 
+ 4.75V 
+ 5.00V 
+ 5.25V 
+ 5.50V 


Typical t,rans 
@25X 

400ns 

300ns 

250ns 

200ns 

175ns 


The throughput rate can therefore be maximized by using 
a +5V to +5.5V supply for the ENable Strobe Logic. 

The examples shown in Figures 6 and 7 deal with ENable 
strobing when expansion to more than eight channels is 
required. In these cases the EN terminal acts as a fourth 
address input. If eight channels or less are being multi¬ 
plexed, the EN terminal can be directly connected to + 5V 
logic supply to enable the IH6108 at all times. 

Using the IH6108 with suppiies other 
than +15V 

The IH6108 can be used with power suppiies ranging 
from ±6V to ±16V. The switch rDS(on) will increase as the 


supply voltages decrease, however, the multiplexer error 
term (the product of leakage times rc)S(on)) remain ap¬ 
proximately constant since leakage decreases as the sup¬ 
ply voltages are reduced. 

Caution must be taken to ensure that the enable (EN) 
voltage is at least 0.7V below V+ at all times. If this is not 
done, the Address input strobing levels will not function 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to V+ (pin 13) via a silicon diode as shown In 
Figure 8. When using this type of configuration, a further 
requirement must be met: the strobe levels of AO and A1 
must be within 2.5V of the EN voltage in order to define a 
binary “1” state. For the case shown in Figure 8 the EN 
voltage is 11.3V which means that logic high at AO and A1 
ls= +8.8V (logic low continues to be=0.8V). In this config¬ 
uration the IH6108 cannot be driven by TTL (+5V) or 
CMOS (+5V) logic. It can be driven by TTL open collector 
logic or CMOS logic with + 12V supplies. 

if the logic and the IH6108 have common suppiies, the 
EN pin should again be connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply di¬ 
rectly will not work since it violates the 0.7V differential volt¬ 
age required between V+ and EN, (See Figure 9). A IjmF 
capacitor can be placed across the diode to minimize 
switching glitches. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6108 APPLICATION INFORMATION (Continued) 




Peak-to-Peak Signal Handling Capability 

The IH6108 can handle input signals up to ± 14V (actual¬ 
ly -15V to + 14.3V because of the input protection diode) 
when using ± 15V supplies. 


The electrical specifications of the IH6108 are guaran¬ 
teed for ±10V signals, but the specifications have very mi¬ 
nor changes for ±14V signals. The notable changes are 
slightly lower rQS(on) slightly higher leakages. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6116 

16-Channel 

CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH6116 is a CMOS one of 16 multiplexer. The part is 
a plug-in replacement for the DG506. Four line binary de¬ 
coding is used so that the 16 channels can be controlled by 
4 Address inputs; additionally a fifth input is provided to be 
used as a system enable. When the ENable input is high 
(5V) the channels are sequenced by the 4 line Address in¬ 
puts, and when low (OV), all channels are off. The 4 Ad¬ 
dress inputs are controlled by TTL logic or CMOS logic ele¬ 
ments with a “0” corresponding to any voltage less than 
0.8V and a “1” corresponding to any voltage greater than 
2.4V. Note that the ENable Input must be taken to 5V to 
enable the system and less than 0.8V to disable the system. 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

IH6116MJI 

-55*Cto +125“C 

28 pin CERDIP 

IH6116CJI 

0“C to 70*C 

28 pin CERDIP 

IH6116CPI 

0“Cto70“C 

28 pin Plastic DIP 


Ceramic package available as special order only (IH6116MDI/CDI) 



TO DECODE LOGIC 
CONTROLLING BOTH 
TIERS OF MUXING 


ADDRESS DECODE 

ENABLE 

1 of 16 

1 of 4 


Ao Ai A 2 A 3 EN 


4 LINE BINARY ADDRESS INPUTS 
<0 0 0 1)ANOEN(^i SV 

ABOVE EXAMPLE SHOWS CHANNEL 9 TURNED ON 

Figure 1: Functional Diagram 


DIMUl^DIL 

FEATURES 

• Pin Compatible With DG506A, HI-506 & AD7506 

• Ultra Low Leakage ^ i□(off)^100pA Typical 

• ± 11 Analog Signal Range 

• rDS(on)^700 Ohms Over Full Signal and Temperature 
Range 

• Break-Before-Make Switching 

• TTL and CMOS Compatible Address Control 

• Binary Address Control (4 Address Inputs Control 16 
Channels) 

• Two Tier Submultiplexing to Facilitate Expandability 

• Power Supply Quiescent Current Less Than lOOjmA 

• No SCR Latchup 

• Internal Diode In Series With V+ For Fault 
Protection 



DECODE TRUTH TABLE 




V+COMMON TO SUBSTRATE 


0298-2 


Figure 2: Pin Configuration 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 305534-002 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


V|N (A, EN) to Ground .-15V to 15V 

VsorVDtoV+ .0,-36V 

VsorVotoV- .0,36V 

V+to Ground .16V 

V-to Ground .-16V 

Current (Any Terminal) .30mA 


Current (Analog Source or Drain) .20mA 

Operating Temperature .-55to125'’C 

Storage Temperature .-65to150®C 

Lead Temperature (Soldering, lOsec) . 300“C 

Power Dissipation (Package)* . 1200mW 


* All leads soldered or welded to PC board. Derate 10mW/°C above TCC. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operationai sections of the specifications is not impiied. Exposure to absoiute 
maximum rating conditions for extended periods may affect device reiiabiiity. 


ELECTRICAL CHARACTERISTICS 

V + = 15V, V~ = — 15V, Ven = + 5V (Note 1), Ground = OV, unless otherwise specified. 



Measured 

Terminal 

No 

Tests 

Per 

Temp 

Typ 

25^ 

Test Conditions 

Max Limits 

Units 

M Suffix 

C Suffix 

-SSX 


125“C 

OX 

O 

u> 

CM 


SWITCH 1 


StoD 

Mm 

mt 


Sequence each switch on 
Val=0.8V.Vah = 3V 

600 

600 

700 

650 

650 

750 

ft 

■a 

BBI 


600 

ISftl 

700 

650 

650 

750 







■ 

■ 

1 

■ 

■ 


IS(OFF) 

S 

16 

0.01 

Vs=10V, Vd=-10V 



m 

IBi 


Bl 


1 

Mm 

1^1 


Ven = 0.8V 


IS 

11^1 


Bl 

[IB 

Id{OFF) 


1 

0.1 

Vd=10V, Vs=-10V 


Bl 



m 

iiai 

1 

0.1 

Vd=-10V,Vs=10V 


m 



ra 

HBi 

Id(on) 

D 

Mm 

ED 

Vs(ALL) = Vd=10V 

Sequence each switch on 
Val=0.8V.Vah = 3V 


■a 

WBSM 


m 

BBI 

Mm 

ED 

Vs(ALL) = Vd= -10V 


m 



m 

HBi 

INPUT 1 

lA(on) or 
lA(off) 


4 

ElBH 

Va = 2.4V 




B3 




fiA 

4 


Va=14V 



lEI 



m 

IBl 

Ia 


■ 

■ 

< 

m 

z 

II 

Ol 

< 

AIIVa=0 


yif 

■ 

■ 



EN 

1 


Ven=o 




■ 



DYNAMIC 1 

ftrans 

D 



See Fig. 3 







flS 

^open 

D 


l3Hi 

See Fig. 4 







IS^SIIIillllllllllllllll^^ 

D 


m 

See Fig. 5 


m 





OSSSlililllllllllllll^ 

D 




■H 

1 





■SSHlHii 

D 


60 

Ven = 0, Rl= 200ft, Cl = 3pF, Vs = 3VRMS, 
f=500kHz 







dB 

Cs(OFF) 

S 


5 

Vs = 0 








PF 


D 



Vd = 0 










Z] 








SUPPLY 1 


+ 

V+ 

1 


< 

m 

z 

II 

Ol 

< 

AIIVA=0or 5V 


ES3 

HH 


HBBl 

iBI 


- 

V- 

1 

2 



IBI 


BW 

Bl 

Standby 

Current 

+ 

V+ 

1 

1 

< 

m 

z 

II 

o 


HIBI 



HB!!! 

Bi 


V- 

1 

1 


100 




!|||H 

IIBH 


NOTE 1: See Section V. Enable Input Strobing Levels. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6116 APPLICATIONS 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6116 APPLICATIONS (Continued) 



Figure 7:1 Out of 32 Channel Multiplexer Using 2 IH6116s; Using An IH5041 for Submultiplexing 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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^DIFjfinii^OlL 


tH6116 APPLICATIONS (Continued) 



General note on expandability of IH6116 

The IH6116 is a two tier multiplexer, where sixteen input 
channels are routed to a common output in blocks of 4. 
Each block of 4 input channels is routed to one common 
output channel, and thus the submultiplexed system looks 
like 4 blocks of 4 inputs routed to 4 different outputs with 
the 4 outputs tied together. Thus 20 switches are needed to 
handle the 16 channels of information. The advantage of 
this is lower output capacitance and leakage than would be 
possible with a system using all 16 channels tied to one 
common output. Also the expandability into 32, 64, 128, 
channels etc. is facilitated. Figures 6,7, and 8 show how the 
IH6116 can be expanded. 

Figure 6 shows a 1 of 32 multiplexer, using 2 IH6116S. 
Since the 6116 is itself a 2 tier MUX, the system as shown is 
basically a 2 tier system. The four output channels of each 


6116 are tied together so that 8 channels are tied to the 
Vqut common point. Since only one channel of information 
is on at a time, the common output will consist of 7 OFF 
channels and 1 ON channel. Thus the output leakage will 
correspond to 7 iD(offs) ^^d 1 iD(on). or about 1 .OnA of typi¬ 
cal leakage at room temperature. Throughput speed will be 
typically O.Sfis for ton and 0.3jas for toff. Throughput chan¬ 
nel resistance will be in the 50011 area. 

Figure 7 shows the 1 of 32 MUX of Figure 6, with a third 
tier of submultiplexing added to further reduce leakage and 
output capacitance. The IH5041 has typical ON resistances 
of 5011 (max. is 7511) so it only increases thruput channel 
resistance from the 500 ohms of Figure 6 to about 550 
ohms for Figure 7. Throughput channel speed Is a little 
slower by about 0.5ju.s for both ON and OFF time, and out¬ 
put leakage is about 0.2nA. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

A/Or£- AH typical values have been characterized but are not tested. 
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Figure 8 shows a 1 of 64 MUX using 3 tier MUXing (simi¬ 
lar to Figure 7). The Intersil IH5053 is used to get the third 
tier of MUXing. The Vqut will see 3 OFF channels and 
1 ON channel at any one time, so that the typical leakages 
will be about 0.4 nA. Throughput channel resistance will be 
in the 550 ohm area with throughput switching speeds 
about 1.3jlis for ON time and O.Qjxs for OFF time. 

The IH5053 was chosen as the third tier of the MUX be¬ 
cause it will switch the same AC signals as the IH6116 (typi¬ 
cally plus and minus 15V) and uses break before make 
switching. Also power supply quiescent currents are on the 
order of 1-2fjiA, so that no excessive system power is dissi¬ 
pated. Note that the logic of the 5053 is such that it can be 
tied directly to the ENable input (as shown in the figures) 
with no extra circuitry being required. 

Enable input strobing levels 

The enable input (EN) acts as an enabling or disabling pin 
for the IH6116 when used as a 16 channel MUX. However, 
when expanding the MUX to more than 16 channels, the EN 
pin acts as another address input. Figures 6 and 7 show the 
EN pin used as the A4 input. 

For the system to function properly the EN input (pin 18) 
must go to 5V ±5% for the high state and less than 0.8V 


for the low state. When using TTL logic, a pull-up resistor of 
1 kn or less should be used to pull the output voltage up to 
5V. When using CMOS logic, the high state goes to the 
power supply so no pull-up is required. 

If used on high voltage logic supplies, EN should be at 
least 0.7V below V+ at all times. See IH6108 data sheet for 
details. 

APPLICATION NOTES 

Further information may be found In: 

A003 “Understanding and Applying the Analog Switch” 
A006 “A New CMOS Analog Gate Technology” 

A020 “A Cookbook Approach to High Speed Data Acquisi¬ 
tion and Microprocessor Interfacing” 

R009 “Reduce CMOS Multiplexer Troubles Through Prop¬ 
er Device Selection” 

NOTE: This multiplexer does not require external resistors 
and/or diodes to eliminate what is commonly known as a 
latch up or SCR action. Because of this fact, the rDS(ON) of 
the switch is maintained at specified values. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6201 


IH6201 

Dual CMOS 

Driver/Voltage Translator 

GENERAL DESCRIPTION 

The IH6201 is a CMOS, Monolithic, Dual Voltage Transla¬ 
tor; it takes low level TTL or CMOS logic signals and con¬ 
verts them to higher levels (i.e. to ± 15V swings). This trans¬ 
lator is typically used in making solid state switches, or ana¬ 
log gates. 

When used in conjunction with the Intersil IH401 family of 
Varafets, the combination makes a complete solid state 
switch capable of switching signals up to 22Vpp and up to 
20MHz in frequency. This switch is a “break-before-make” 
type (i.e. toff time< ton time). The combination has typical 
toff 80ns and typ. ton ~ 200ns for signals up to 20Vpp in 
amplitude. 

A TTL “1 ” input strobe will force the $ driver output up to 
V+ level; the 6 output will be driven down to the V~ level. 
When the TTL input goes to “0^’, the 6 output goes to V “ 
and d goes to V+; thus 6 and 6 are 180" out of phase with 
each other. These complementary outputs can be used to 
create a wide variety of functions such as SPOT and DPDT 
switches, etc.; alternatively the complementary outputs can 
be used to drive N and P channel MOSFETs, to make a 
complete CMOS analog gate. 

The driver typically uses + 5V and ± 15V power supplies, 
however a wide range of V+ and V“ is also possible. It is 
necessary that V + > 5V for the driver to work properly, how¬ 
ever. 



0299- 

Figure 1: Functional Diagram 



0299-2 

(Outline dwgs DE,JE,PE) 

Figure 2: Pin Configuration 



FEATURES 

• Driven Direct From TTL or CMOS Logic 

• Translates Logic Levels Up to 30V Levels 

• Switches 20Vacpp Signals When Used in 
Conjunction With Intersil IH401A Varafet (As An 
Analog Gate) 

• toN^ 300ns & toFF^ 300ns for 30V Level Shifts 


• Quiescent Supply Current ^lOOjiiA for Any State 


(D.C.) 

• Provides Both Normal & Inverted Outputs 

ORDERING INFORMATION 

Part Number 

Temperature Range 

♦IH6201CDE 

0"C to 70"C 

♦IH6201MDE 

-55"Cto +125"C 

IH6201CJE 

0"Cto70"C 

IH6201MJE 

-55"Cto 125"C 

IH6201CPE 

0"Cto 70"C 


* Special Order Only 


v+ 



V" V" 


0299-3 

Figure 3: Schematic Diagram (One Channel) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL SPECIFICATIONS v+ = + i5 V.v- = -15V.Vl=+5V 


Item 

— 

Test Conditions 

iH6201CDE 

iH6201MDE 

Units 

-2S^C 

+ 25“C 

+ 85“C 

-55X 

+ 25‘’C 

+ 125X 

6 ox 6 driver output swing 

V|N = 0V_rL +3V Fig. 5B 


28 



28 


Bill 

V|N strobe level (“1”)for 
proper translation 

0^14V 

8^-14V 

3.0 




2.4 


Vd.C. 

V|N strobe level (“0”)for 
proper translation 

0^-14V 

8^14V 




■ 

0.8 


Vd.C. 

I|N input strobe current draw 
(for OV - 5V range) 

V|N = 0Vor +5V 

±1 

±1 

10 

±1 

±1 

10 

jllA 

ton time 

V||si = 0V_rLCL=30pF 
switching turn-on time fig. 5B 





300 


ns 

toff time 

V|n = 0VJ-LCl = 30pF 
switching turn-off time fig. 5B 



■ 

■ 

200 


ns 

1+ (V+) power supply 
quiescent current 

V|N = 0Vor+5V 

100 



100 

100 

100 

jllA 

1“ (V“) power supply 
quiescent current 

V|N = 0V or+5V 

100 

100 

100 

100 

100 

100 

fxA 

II (Vl) power supply 
quiescent current 

V|N = 0V or +5V 

100 

100 

100 

100 

100 

100 

jaA 


ABSOLUTE MAXIMUM RATINGS 


V+toV- .35V 

V+ .35V 

V- .35V 

V+toV|N .40V 

Operating Temperature .- 55“C to +125"C 

Storage Temperature .-65®Cto+150®C 

Lead Temperature (Soldering, 10sec) . 300“C 


APPLICATIONS 
Input Drive Capability 

The strobe input lines are designed to be driven from TTL 
logic levels; this means 0.8V to 2.4V levels max. and min. 
respectively. For those users who require 0.8V to 2.0V oper¬ 
ation, a pull-up resistor is recommended from the TTL out¬ 
put to + 5V line. This resistor is not critical and can be in the 
1 kfl to 10kn range. 

When using 4000 series CMOS logic, the input strobe is 
connected direct to the 4000 series gate output and no pull 
up resistors, or any other interface, is necessary. 

When the input strobe voltage level goes below Gnd (i.e. 
to -15V) the circuit is unaffected as long as V+ to V|n 
does not exceed absolute maximum rating. 

Output Drive Capability 

The translator output is designed to drive the Intersil 
IH401 family of Varafets; these are N-channel JFETS with 
built-in driver diodes. Driver diodes are necessary to isolate 
the signal source from the driver/translator output; this pre¬ 
vents a forward bias condition between the signal input and 
the + Vcc supply. The IH6201 will drive any JFET provided 
some sort of isolation is added. 


You will notice in Figure 4 that a “referral” resistor has 
been added from 2N4391 gate to its source. This resistor is 
needed to compensate for the inadequate charge area 
curve for isoiation diode i.e. if C vs. V plot for diode ^2 [C 
vs. V plot for output JFET] switch won’t function; then add¬ 
ing this resistor overcomes this condition. The “referral” re¬ 
sistor is normally in the lOOkH to range and is not too 
critical. 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6201 


Making a Complete Solid State Switch 
That Can Handle 20Vpp Signals 

The limitation on signal handling capability comes from 
the output gating device. When a JFET is used, the pinch- 
off of the JFET acting with the V~ supply does the limiting. 
In fact max. signal handling capability=2 (Vp + (V~)) Vpp 
where Vp=pinch-off voltage of JFET chosen, i.e. Vp=7V, 
V~ = -15V .'. max. signal handllng = 2 (7V + (-15V)) 
Vpp=2(7V-15)Vpp=2(-8Vpp) = 16Vpp. Obviously to 
get^20Vpp, Vp^5V with V- = -15V. Another simple way 
to get 20Vpp with Vp = 7V, is to increase V~ to -17V. In 
fact using V+ = +12V or +15V and setting V- = -18V 
allows one to switch 20Vpp with any member of IH401 fami¬ 
ly. The advantage of using the Vp = 7V pinch-off (along with 
unsymmetrical supplies), over the Vp = 5V pinch-off (and 
±15V supplies), is that you will have a much lower Rds(ON) 
for the Vp = 7 JFET (i.e. for the 2N4391). 


The IH6201 is a dual translator, each containing 4 CMOS 
FET pairs. The schematic of one-half of an IH6201, driving 
one-quarter of an IH401, is shown in Figure 5A. 



NOTE: Each translator output has a 6 and 6 output. 6 is just 
the inverse of 6. 

A very useful feature of this system is that one-half of an 
IH6201 and one-half of an IH401 can combine to make a 
SPOT switch, or an IH6201 plus an IH401 can make a dual 
SPOT analog switch. (See Figure 8) 



NOTE: AH typical values have been characterized but are not tested. 
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APPLICATIONS (Continued) 



NOTE: Either switch is turned on when strobe input goes high. 



9 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6208 

4-Channel Differential 
CMOS Analog Multiplexer 



GENERAL DESCRIPTION 

The IH6208 is a 2 of 8 CMOS multiplexer. The part is a 
plug-in replacement for the DQ509. Two line binary decod¬ 
ing is used so that the 8 channels can be controlled in pairs 
by the binary inputs; additionally a third input is provided to 
use as a system enable. When the ENable input is high (5V) 
the channels are sequenced by the 2 line binary inputs, and 
when low (OV) all channels are off. The 2 Address Inputs 
are controlled by TTL logic or CMOS logic elements with a 
“0” corresponding to any voltage less than 0.8V and a “1” 
corresponding to any voltage greater than 2.4V. Note that 
the ENable input must be taken to 5V to enable the system, 
and less than 0.8V to disable the system. 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

IH6208MJE 

-SS^Cto +125‘’C 

16 pin CERDIP 

IH6208CJE 

O^Cto 70“C 

16 pin CERDIP 

IH6208CPE 

0*’Cto70°C 

16 pin Plastic DIP 


Ceramic package available as special order only (IH6208MDE/CDE) 


FEATURES 

• Ultra Low Leakage — lD(off)^100pA Typical 

• rDS(on)^400 Ohms Over Full Signal and Temperature 
Range 

• Power Supply Quiescent Current Less Than lOOjaA 

• ±14V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• Binary Address Control (2 Address Inputs Control 2 
Out of 8 Channels) 

• TTL and CMOS Compatible Address Control 

• Pin Compatible With Hi509, DG509A & AD7509 

• internai Diode In Series With V+ For Fauit 
Protection 



2 LINE BINARY ADDRESS INPUTS 

(0 0) AND EN = 5V (EN = “1” FOR + 5V, “0” FOR OV; 

ABOVE EXAMPLE SHOWS CHANNELS la & 1b ON. 

Figure 1: Functional Diagram 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


V|N (A, EN) to Ground .-15V, Vi 

VsorVDtoV+ .0,-36V 

VsorVDtoV- .0,36V 

V+ to Ground.16V 

V~ to Ground.-16V 

Current (Any Terminal) .30mA 


Current (Analog Source or Drain) . 20mA 

Operating Temperature .- 55 to 125‘*C 

Storage Temperature .-65to150“C 

Lead Temp (Soldering, lOsec) .OOO^C 

Power Dissipation (Package)* . 1200mW 


* All leads soldered or welded to PC board. Derate tOmW/^C above 7(yC. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

V+ = 15V, V“ = -15V, Ven = + 5V (Note 1), Ground=OV, unless otherwise specified. 


Characteristic 

Measured 

Terminai 

1 

Typ 

25*0 

Test Conditions 

Max Limits 

Units 

M Suffix 

C Suffix 

o 

In 

in 

1 

25*C 

125*C 

o»c 

25*C 

70*C 

SWiTCH I 



8 

180 

Vd=-10V, Is=- 1.0mA 

Sequence each switch on 
Val==0.8V.Vah = 2.4V 

300 

300 

400 

350 

350 

450 

n 

8 

150 

Vd=-10V, Is=- 1.0mA 

300 

300 

400 

350 

350 

450 




20 

^ rDS.(on)max-rDS(on)miny^_ 

i’DS(on)avg. 







% 

•S(OFF) 

m 

8 

CM 

8 

CD 

Vs=10V, Vd=-10V 



±.5 

50 


±1 

60 

nA 

8 

0.002 

Vs=-10V, Vd=10V 

Ven=0.8V 


±.5 

50 


±1 

50 

•d(OFF) 

H 

2 

0.03 

Vd=10V,Vs=-10V 


±2 

50 


±5 

100 

2 

0.03 

Vd=-10V,Vs = 10V 


±2 

50 


±5 

100 

•d(ON) 

D 

8 

0.1 

> 

o 

Q 

> 

II 

1 

Sequence each switch on 

Val=0.8V,Vah = 2.4V 


±2 

50 


±5 

100 

8 

0.1 

VS(ALL)=-10V 


±2 

50 


±5 

100 

iNPUT 1 



2 

0.01 

VA=2.4VorOV 



-10 

-30 


-10 

-30 

jliA 

2 

0.01 

VA=14VorOV 



10 

30 


10 

30 

Ia 

Aq, Ai 

2 


< 

m 

z 

II 

CXI 

< 



-10 

-30 


-10 

-30 

EN 

1 


< 

m 

z 

II 

o 


Hl»l 


■ 

BB3 

BBil 

DYNAMiC 1 


D 



See Fig. 3 


1 





flS 

^pen 

D 



See Fig. 4 








D 


BBi 

See Fig. 5 


IQ 





tEN(off) 

D 





1 






D 


60 

Ven = 0, Rl = 200n, Cl= 3pF, Vs=3VRMS, 
f=500kHz 


■ 

■ 

■ 

■ 

■ 

dB 


S 


5 

< 

CO 

II 

o 

■ 







Cd(off) 

D 


12 

< 

o 

II 

o 

VEN = 0V.f=140kHztO 
1MHz 

■ 


■ 

■ 

■ 

PF 




1 

Vs = 0,Vd=0 







SUPPLY 1 

Supply 

Current 

D 

V+ 

1 

40 

< 

m 

z 

11 

AIIVA=0or5V 







juA 

- 

V- 

a 

2 


IBBl 



1000 


Standby 

Current 

+ 

V+ 

1 

1 

o 

II 

z 

LU 

> 


ITBI 



HW 


H 

V- 

n 

1 





1000 



NOTE 1: See Section 1 Enable Input Strobing Levels. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH6208 H^inii^aiL 


SWITCHING INFORMATION 



0300-5 


Figure 4; tqpen (Break-Before-Make) Switching Test 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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IH6208 APPLICATION INFORMATION 
ENable Input Strobing Levels 

The ENable input on the IH6208 requires a minimum of 
+ 4,5V to trigger it into the “1” state and a maximum of 
+ 0.8V to trigger it into the “0” state. If the ENable input is 
being driven from TTL logic, a pull-up resistor of 1 k to 3kn 
is required from the gate output to + 5V supply. (See Figure 
6 ). 



When the EN input is driven from CMOS logic, no pullup is necessary. (See Fig. 7) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE, 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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^DIKSinii^DIL 


iH6208 APPLICATION INFORMATION (Continued) 

The supply voltage of the CD4009 affects the switching supply voltages decrease, however, the multiplexer error 
speed of the IH6208; the same Is true for TTL supply volt- term (the product of leakage times rDS(on)) will remain ap- 

age levels. The chart below shows the effect on ttrans ^or a proximately constant since leakage decreases as the sup- 

supply varying from + 4.5V to + 5.5V. ply voltages are reduced. 


CMOS OR TYPICAL ttrans 

TTL SUPPLY @25^ 

+ 4.5V 400ns 

+ 4.75V 300ns 

+ 5.0V 250ns 

+ 5.25V 200ns 

+ 5.50V 175ns 

The throughput rate can therefore be maximized by using 
a + 5V to + 5.5V supply for the ENable Strobe Logic. 

The examples shown in Figures 6 and 7 deal with ENable 
strobing when expansion to more than four differential 
channels is required; in these cases the EN terminal acts as 
a third address input. If four channel pairs or less are being 
multiplexed, the EN terminal can be directly connected to 
+ 5V to enable the IH6208 at all times. 

Using the IH6208 with suppiies other 
than ±15V 

The IH6208 can be used with power supplies ranging 
from ± 6V to ±16V. The switch rDS(on) will increase as the 


Caution must be taken to ensure that the enable (EN) 
voltage is at least 0.7V below V+ at all times. If this is not 
done the Address Input strobing levels will not function 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to V+ (pin 14) via a silicon diode as shown in 
Figure 8. A further requirement must be met when using this 
type of configuration; the strobe levels at AO and A1 must 
be within 2.5V of the EN voltage in order to define a binary 
“1” state. For the case shown in Figure 8 the EN voltage is 
11.3V, which means that logic high at AO and A1 is= + 8.8V 
(logic low continues to be=0.8V). In this configuration the 
IH6208 cannot be driven by TTL (+5V) or CMOS (+5V) 
logic. It can be driven by TTL open collector logic or CMOS 
logic with +12V supplies. 

If the logic and the IH6208 have common supplies, the 
EN pin should again be connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply di¬ 
rectly will not work since it violates the 0.7V differential volt¬ 
age required between V+ and EN (See Figure 9). A IjutF 
capacitor can be placed across the diode to minimize 
switching glitches. 



Figure 8: IH6208 Connection Diagram for Less Than ± 15V Supply Operation 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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iH6208 APPLICATION INFORMATION (Continued) 



for Less Than ± 15V Supply Operation 


Peak-to-Peak Signal Handling Capability 

The IH6208 can handle input signals up to ± 14V (actual¬ 
ly -15V to + 14.3V because of the input protection diode) 
when using ± 15V supplies. 

The electrical specifications of the 1H6208 are guaran¬ 
teed for ±10V signals, but the specifications have very mi¬ 
nor changes for ±14V signals. The notable changes are 
slightly lower rDS(on) and slightly higher leakages. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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g IH6216 

£ 8-Channel Differential 
~ CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH6216 is a CMOS 2 of 16 multiplexer. The part is a 
plug-in replacement for the DG507. Three line binary de¬ 
coding is used so that the 16 channels can be controlled in 
pairs by the binary inputs; additionally a fourth input is pro¬ 
vided to use as a system enable. When the ENable input is 
high (5V) the channels are sequenced by the 3 line binary 
inputs, and when low (OV), all channels are off. The 3 Ad¬ 
dress inputs are controlled by TTL logic or CMOS logic ele¬ 
ments with a “0” corresponding to any voltage less than 
0.8V and a “1” corresponding to any voltage greater than 
3.0V. Note that the ENable input must be taken to 5V to 
enable the system and less than 0.8V to disable the system. 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

IH6216MJI 

-55“Cto +125‘’C 

28 pin CERDIP 

IH6216CJI 

O^CtoZO^C 

28 pin CERDIP 

IH6216CPI 

0“Cto70‘’C 

28 pin Plastic DIP 


Ceramic package available as special order only (IH6216MDI/CDI) 



TO DECODE LOGIC 
CONTROLLING BOTH 
TIERS OF MUXING 



Ao A, Aj EN (ENABLE INPUT) 


3 LINE BINARY ADDRESS INPUTS 
(0 0 0)ANDEN*SV 

ABOVE EXAMPLE SHOWS CHANNELS la B 1b ON. 

0301-1 

Figure 1: Functional Diagram 



FEATURES 

• Pin Compatible With HI507, DG507A & AD7507 

• ±11V Analog Signal Range 

• rDS(on)<700 Ohms Over Full Signal and Temperature 
Range 

• Break-Before-Make Switching 

• TTL and CMOS Compatible Address Control 

• Binary Address Control (3 Address inputs Control 2 
Out of 16 Channels) 

• Two Tier Submultiplexing to Facilitate Expandability 

• Power Supply Quiescent Current Less Than lOOjaA 

• No SCR Latchup 

• Very Low Leakage lD(OFF)^‘i00pA 

• internal Diode In Series With V+ for Fault Protection 


DECODE TRUTH TABLE 



LOGIC “1“ = Vah>3V Venh>4.5V 
LOGIC “0“ = Val<0.8V 



0301-2 

Figure 2: Pin Configuration 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


V|N (A, EN) to Ground .-15Vo-Vi 

VsorVDtoV+ .0,-36V 

VsorVotoV- .0.36V 

V+to Ground .16V 

V-to Ground .-16V 

Current (Any Terminal) .30mA 


Current (Analog Source or Drain) .20mA 

Operating Temperature .- 55 to 125‘*C 

Storage Temperature .-65to150*C 

Lead Temperature (Soldering, lOsec) .OOO^C 

Power Dissipation (Package)* . 1200mW 


* All leads soldered or welded to PC board. Derate 10mW/'’C above 70®C. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

V+ = 15V, V- = -15V, Ven= +5V (Note 1), Ground=0V, unless otherwise specified. 


Characteristic 

Measured 

Terminai 

No 

Tests 

Per 

Temp 

Typ 

25X 

Test Conditions 

Max Limits 

Units 

M Suffix 

C Suffix 

-55X 

25*C 

125*C 

0*C 

25*C 

70X 

SWiTCH 1 

rospN) 

StoD 

16 

480 

Vd=- 10V, ls=-1mA 

Sequence each switch on 
Val=0.8V.Vah = 3V 

600 

600 

700 

650 

650 

750 

n 

16 

300 

Vd=- 10V, ls=-1mA 

600 

600 

700 

650 

650 

750 

ArDS(ON) 

|[| 


20 

^ rDS(on)max-rDS(on)min 

^ ^ rDS(on)avg. 







% 

IS(OFF) 


16 

0.01 

Vs=10V, Vd=-10V 



±.5 

50 


±1 

50 

nA 

16 

0.01 

Vs=-10V, Vd=10V 

Ven = 0.8V 


±.5 

50 


±1 

50 

Id(OFF) 

D 

2 

0.1 

Vd = 10V, Vs=-10V 


±2 

100 


±5 

100 

2 

0.1 

Vd=-10V, Vs = 10V 


±2 

100 


±5 

100 

smiiiiii 

D 

16 

0.1 

Vs(ALL) = Vd=10V 

Sequence each switch on 
Val=0.8V.Vah = 3V 


±2 

100 


±5 

100 

16 

0.1 

Vs(ALL) = Vd=-10V 


±2 

100 


±5 

100 

iNPUT 1 

lA(on) or 
>A(off) 

!■ 

3 

0.01 

Va=3.0V 


-10 

-30 


-10 

-30 

jiiA 

3 

0.01 

Va=14V 


10 

30 


10 

30 

■a 

Ao Ai 
A 2 A 3 

3 


Ven = 5V 

AIIVa=0 


-10 

-30 

1 

-10 

-30 

EN 

1 


Ven=o 


-10 

-30 


-10 

-30 

DYNAMiC 1 

^trans 

D 


0.6 

See Fig. 3 


1 





flS 

Wen 

D 


0.2 

See Fig. 4 







W^EN) 

D 


0.8 

See Fig. 5 


IB 





toff(EN) 

D 


0.3 

HHHHHIHHillHIIIHli 


D 


“1 




D 







■ 

B 

B 


Cs 

S 


5 

Vs = 0 

VEN = 0,f= 140kHz to 
1MHz 







PF 


D 



Vd = 0 




■ 

B 

B 

Cds 



1 

Vs = 0.Vd=0 







SUPPLY 1 


D 

V+ 

1 

103 


AIIVA=0or5V 





HBBl 



- 

V- 

1 

2 


100 



fBSSl 



B 

V+ 

1 

1 

Ven=o 


HBl 



BfW 


B 

V- 

1 

1 

_ 

ilBi 

_ 





NOTE 1: See Enable Input Strobing Levels, Section 1. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested 
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IH6216 APPLICATIONS 



DECODE TRUTH TABLE 


DECODE TRUTH TABLE 


A3 

A2 

Ai 

Ao 

On Switch 


0 

0 

0 

0 

SI a 


0 

0 

0 

1 

S2a 


0 

0 

1 

0 

S3a 


0 

0 

1 

1 

S4a 


0 

1 

0 

0 

S5a 


0 

1 

0 

1 

S6a 


0 

1 

1 

0 

S7a 


0 

1 

1 

1 

S8a 

V0UT1 

1 

0 

0 

0 

S9a 


1 

0 

0 

1 

S10a 


1 

0 

1 

0 

S11a 


1 

0 

1 

1 

S12a 


1 

1 

0 

0 

S13a 


1 

1 

0 

1 

S14a 


1 

1 

1 

0 

SI 5a 


1 

1 

1 

1 

S16a 



A3 

A2 

Ai 

Ao 

On Switch 


0 

0 

0 

0 

Sib 


0 

0 

0 

1 

S2b 


0 

0 

1 

0 

S3b 


0 

0 

1 

1 

S4b 


0 

1 

0 

0 

S5b 


0 

1 

0 

1 

S6b 


0 

1 

1 

0 

S7b 


0 

1 

1 

1 

S8b 

VoUT 2 

1 

0 

0 

0 

S9b 


1 

0 

0 

1 

SI Ob 


1 

0 

1 

0 

Sllb 


1 

0 

1 

1 

SI 2b 


1 

1 

0 

0 

SI 3b 


1 

1 

0 

1 

S14b 


1 

1 

1 

0 

SI 5b 


1 

1 

1 

1 

SI 6b 




*TTL inverter must have resistor pullup to drive EN input 

Figure 7:2 One of 32 Multiplexer Using Two IH6216s, and An IH5043 for Submuitiplexing 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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General note on expandability of IH6216 

The IH6216 is a two tier multiplexer, where 8 pairs of 
input channels are routed to a pair of outputs in blocks of 4. 
Each block of 4 input channels is routed to one common 
output channel, and thus the submultiplexed system looks 
like 4 blocks of 4 inputs routed to 4 different outputs with 
the 4 outputs tied in pairs. Thus 20 switches are needed to 
handle the 16 channels of information. The advantages of 
this are lower output capacitance and leakage than would 
be possible using a system with all 8 channels tied to one 
common output. Also the expandability into 2 out of 32, 64, 
128, etc. is facilitated. Figures 6 , 7, and 8 show how the 
IH6216 is expanded. 

DECODE TRUTH TABLE 


Figure 6 shows a 2 of 32 multiplexer, using 2 IH6216S. 
Since the 6216 is itself a 2 tier MUX, the system as shown is 
basically a 2 tier system. Corresponding output points of 
each of the 6216 are connected together, and the ENable 
input strobe is used as the A 3 input. Since each output (pins 
2 and 28) corresponds to an “ON” FET and an “OFF” FET, 
the overall system looks like 1 “ON” FET and 3 “OFF” 
FETs for each of the Vouti and VoLit 2 outputs. Thus the 
output leakage will be 1 iD(on) Plus 3 lD(off)S or about 0.4nA 
at room temperature. Throughput speed will be typically 
0 .8jas for ton and 0.3jLts for toff, with throughput channel 
resistance in the 6000 area. 


DECODE TRUTH TABLE 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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Figure 7 shows the 2 of 32 MUX of Figure 6 , with a third 
tier of submultiplexing added to further reduce leakage and 
output capacitance. The IH5043 has typical ON resistance 
of son (max. is 75n) so it only increases throughput chan¬ 
nel resistance from the 500 ohms of Figure 6 to about 550 
ohms for Figure 7. Throughput channel speed is a little 
slower by about O.Sjuis for both ON and OFF time, and out¬ 
put leakage is about 0.2nA. 

Figure 8 shows a 2 of 64 MUX using 3 tier MUXing (simi¬ 
lar to Figure 7). The Intersil IH5043 is used for the third tier 
of MUXing. Each Vout point will see 3 OFF channels and 1 
ON channel at anytime, so that the typical leakages will be 
about 0.4nA. Throughput channel resistance will be In the 
550n area and throughput switching speeds about 1.3|as 
for ON time and O.Sjus for OFF time. 

The IH5043 was chosen as the third tier of the MUX be¬ 
cause it will switch the same AC signals as the IH6216 (typi¬ 
cally plus and minus 15V) and uses break before make 
switching. Also power supply quiescent currents are typical¬ 
ly 1-2juiA so that no excessive system power is generated. 
Note that the logic of the 5043 is such that it can be tied 
directly to the ENable input (as shown in the figures) with no 
extra logic being required. 

Enable input strobing levels 

The ENable input acts as an enabling or disabling pin for 
the IH6216 when used as a 2 out of 16 channel MUX, how¬ 
ever when expanding the MUX to more than 16 channels, 
the EN pin acts as another address input. Figures 6 and 7 
show the EN pin used as the A 3 input. 


For the system to function properly the EN input (pin 18) 
must go to 5V +5% for the high state and less than 0.8V 
for the low state. When using TTL logic, a pull-up of 1 ka or 
less resistor should be used to pull the output voltage up to 
5V. When using CMOS logic, the high state goes to the 
power supply so no pull-up is required. 

If used on high voltage logic supplies, EN should be at 
least 0.7V below V+ at all times. See IH6208 data sheet for 
details. 

APPLICATION NOTES 

Further information may be found in: 

A003 “Understanding and Applying the Analog Switch” 
A006 “A New CMOS Analog Gate Technology” 

A020 “A Cookbook Approach to High Speed Data Acquisi¬ 
tion and Microprocessor Interfacing” 

R009 “Reduce CMOS Multiplexer Troubles Through Prop¬ 
er Device Selection” 

NOTE: This multiplexer does not require external resistors 
and/or diodes to eliminate what is commonly known as a 
latch up or SCR action. Because of this fact, the rps(ON) 
the switch is maintained at specified values. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IH9108 

8-Channel High-Voltage 
Multiplexer with Latches 

GENERAL DESCRIPTION ^ 




The IH9108 is an 8-channel multiplexewith de¬ 

signed for high voltage (±50V) appllcation%|n#tcroproces- 
sor based instrumentation and process control systems. 
The multiplexer features true bi-directional switch action 
over the full analog signal range. Interfacing with microproc¬ 
essors is simplified by on-board data latches and control 


FEATURES 

• Low Leakage Current 

• ±50V Analog Signal Range 

• Low ON Resistance 

• Latchable Logic Inputs 

• Direct Reset (^) 


pins. 

The IH9108 utilizes D/CMOS junction isolation technolo¬ 
gy providing high breakdown voltage (>120V). In addition, 
the IH9108 features low ON resistance (35ft typ) and ex¬ 
tremely low leakages (0.5 nA typ). The multiplexer provides 
8-channel single-ended multiplexing and demultiplexing. In¬ 
dividual channels are selected by addressing appropriate 
data latches with binary coded inputs (Aq, A-i and A 2 ). 
Switch state inputs are stored or cleared via write WR and 
device reset RS respectively. During system power-up or 
reset, switch turn-off is simplified by RS. The IH9108 Is 
available over the commercial (0“C to 70“C), Industrial 
(-25“C to 85“C) and Military (-55“C to 125‘’C) temperature 
range in 18 pin sidebraze package. 



A2 Aq 


0078-1 

8 -Channel Single Ended Multiplexer 
Figure 1: Functional Diagram 


APPLICATIONS 

• Automatic Test Equipment 

• Ultrasound Medical Equipment 

• Microprocessor Controlled Systems 

• Communications Systems 

• Data Acquisition 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

IH9108CDN 

0“Cto70“C 

Sidebraze 18-pin 

IH9108IDN 

-25'’Cto 85‘‘C 

Sidebraze 18-pin 

iH9108MDN 

-55"C to125“C 

Sidebraze 18-pin 



Dual-ln-Line Package 


WRC 

1 

ts 

□ RS 


AoC 

2 

17 

□ A, 


VlC 

3 

16 

□ A 2 


v-C 

4 

15 

□ GNO 


StC 

5 

IH9108 14 

□ V* 


SjC 

6 

13 

□S 5 


SjC 

7 

12 



S,C 

8 

11 



DC 

9 

10 



Outline dwg. DN 

Order Number: IH9108IDN 
Figure 2: Pin Configuration 

0078-3 


INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 306000-003 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


V+.+62V 

V- .-62V 


Digital Inputs .-0,3V to +0.3V 

Continuous Current S or D.30 mA 

Peak Current, S or D (Note 1).100 mA 

Operating Temperature 

(C Version) .O^CtoTO^C 

(I Version).-25®C to 85'’C 

(M Version).-55“C to 125°C 


Storage Temperature.-55“C to 125*C 

Power Dissipation (Package*).250 mW 


*AII leads soldered or welded to PC board. 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings onfy 
and functionaf operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
impiied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 


ELECTRICAL CHARACTERISTICS Commercial and Industrial Grade 


Parameter 

Symbol 

Test Conditions 
(unless otherwise noted) 

V+ = 60V, V- = -60V, GND = Vwr = 0 

Vl = Vrs=15V,Ta=25X 

— 

Limits 

— 

Units 

Min 

Typ 

(Notes) 

Max 

MULTIPLEXER 

Analog Signal Range 

^analog 


-50 


+ 50 

V 

Drain-Source ON Resistance 

i'DS(ON) 

Vd= -50V, Is = 10 mA 


25 

35 




-10V ^Vd^ -h10V.ls= 10 mA 


35 

50 

n 



Vd= +50V,Is= 10 mA 


95 

120 


Source OFF Leakage Current 

IS(OFF) 

See Fig. 5 Vq = -50V, Vs = + 50V 


0.5 

5 


Drain OFF Leakage Current 

•d(OFF) 

See Fig. 6 Vs = -50V, Vp = + 50V 


5 

25 

nA 

Drain ON Leakage Current 

Id(ON) 

See Fig. 7 Vs = -50V, Vp = + 50V 


5 

20 


INPUT 

Input Current/Input Low 

•iNL 

V|N = OV (Note 2) 



0.1 

2 


Input Current/Input High 

l|NH 

V|N = 15V (Note 2) 



0.1 

2 


DYNAMIC 

Turn-ON Time 

tON 

Rl = 5K,Cl = 10 pF 

See Fig. 3 


1 



Turn-OFF Time 

tOFF 

Vs = ±50V 

See Fig. 3 


0.5 



Break-Before-Make Interval 

tOPEN 

Fig. 8 

See Fig. 4 


25 

■ 


Address Access Time 

tA 

See Fig. 3 



100 

■ 


Address Hold Time 

tH 

See Fig, 3 tyvR = 500 ns 


300 



Reset Pulse Width 

tpis 

See Fig. 3 



100 

H 


Write Pulse Width 

tWR 

See Fig. 3 



300 

■ 


Source OFF Capacitance 

Cs(OFF) 

> 

0 

II 

CO 

> 



14 

■ 


Drain OFF Capacitance 

Cd(OFF) 

Vp = OV 

f = 50 kHz 


85 



Channel ON Capacitance 

Cd+s(ON) 

Vs = OV 



110 



OFF Isolation 

OIRR 

Vr§ = OV, Rl = 2k, Cl = 3 pF 


65 

■ 

dB 



Vanalog ~ 10 Vp.p, f — 

100 kHz 



■I 


SUPPLY 

Positive Supply Current 

1+ 

ViN(all) = 0 or 15V (Note 2) 


0.002 

2 


Negative Supply Current 

1- 




0.003 

2 

jLlA 

Logic Supply Current 

II 




0.002 

2 



NOTE 1: Pulsed at 1 mS, 10% duty cycle. 

2: Inputs are digital inputs (Aq, A-j, A 2 , ^ and WR). 
3: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS Military Grade 


Parameter 

Symbol 

Test Conditions 
(unless otherwise noted) 

V+ = 60V, V- = -60V, GND = VwR = 0 

Vl = Vrs= 15V,Ta = 25X 

Limits 

Units 

Min 

Typ 

(Noted) 

Max 

MULTIPLEXER 

Analog Signal Range 

^analog 


-50 


+ 50 

V 

Drain-Source ON Resistance 

i'DS(ON) 

Vd = -50V, Is = 10 mA 


25 

B9 

HI 



-10V +10V,Is= 10 mA 


35 





Vd = +50V,ls = 10 mA 


75 


H 

Source OFF Leakage Current 

IS(OFF) 

See Fig. 5 Vp = -50V, Vs == + 50V 


0.5 

Bi 


Drain OFF Leakage Current 

Id(OFF) 

See Fig. 6 Vs = -50V, Vq = +50V 


5 


nA 

Drain ON Leakage Current 

•□(ON) 

See Fig. 7 Vs = -50V, Vp = +50V 


5 



INPUT 

Input Current/Input Low 

l|NL 

V|N = 0V(Note2) 



0.1 

1 


Input Current/Input High 

l|NH 

V|N = 15V (Note 2) 



0.1 

1 

JUrA 

DYNAMIC 

Turn-ON Time 

tON 

Rl = 5K,Cl= 10 pF 

See Fig. 3 


1 

2 

juS 

Turn-OFF Time 

tOFF 

Vs = ±50V 

See Fig. 3 


0.5 

1 

JLlS 

Break-Before-Make Interval 

tOPEN 

Fig. 8 

See Fig. 4 


25 


ns 

Address Access Time 

tA 

See Fig. 3 



100 

■ 


Address Hold Time 

tH 

See Fig. 3 tyvR = 500 ns 


300 



Reset Pulse Width 

fRS 

See Fig. 3 



100 



Write Pulse Width 

tWR 

See Fig. 3 



300 

BI 


Source OFF Capacitance 

Cs(OFF) 

Vs = ov 



14 



Drain OFF Capacitance 

Cd(OFF) 

Vd = OV 

f = 50 kHz 


85 


pF 

Channel ON Capacitance 

Cd + s(ON) 

Vs = OV 



110 



OFF Isolation 

OIRR 

= OV, Rl = 2k, Cl = 3 pF 


65 

■ 




Vanalog — 10 Vp.p, f — 

100 kHz 





SUPPLY 

Positive Supply Current 

1 + 

V|N(all) — 0 or 15V (Note 2) 


0.002 



Negative Supply Current 

1- 




0.003 


fxA 

Logic Supply Current 

II 




0.002 

Hi 



NOTE 1: Pulsed at 1 mS, 10% duty cycle. 

2: Inputs are digital inputs (Aq, Ai, A 2 , ^ and WR). 

3: Typical values are not 100% tested, and are for design aid only. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TRUTH TABLE 



TIMING DIAGRAMS 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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IH9108 


TEST CIRCUITS 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N2607 .10-1 

2N2608 .10-1 

2N2609 .10-1 

2N2609JAN.10-1 

2N3684 .10-2 

2N3685 .10-2 

2N3686 .10-2 

2N3687 .10-2 

2N3810/A.10-3 

2N3811/A.10-3 

2N3821 .10-5 

2N3821JAN.10-5 

2N3821JTX.10-5 

2N3821JTXV.10-5 

2N3822 .10-5 

2N3822JAN.10-5 

2N3822JTX.10-5 

2N3822JTXV.10-5 

2N3823 .10-7 

2N3823dAN.10-7 

2N3823JTX.10-7 

2N3823JTXV.10-7 

2N3824 .10-8 

2N3921 .10-9 

2N3922 .10-9 

2N3954 .10-11 

2N3954A.10-11 

2N3955 .10-11 

2N3955A.10-11 

2N3956 .10-11 

2N3957 .10-11 

2N3958 .10-11 

2N3970 .10-13 

2N3971 .10-13 

2N3972 .10-13 

2N3993 .10-15 

2N3994 .10-15 

2N4044 .10-16 

2N4045 .10-16 

2N4100.10-16 

2N4878 .10-16 


Section 10 


2N4879 .10-16 

2N4880 .10-16 

2N4091JANTX.10-19 

2N4091 .10-19 

2N4092JANTX.10-19 

2N4092 .10-19 

2N4093JANTX.10-19 

2N4093 .10-19 

ITE4091.10-19 

ITE4092.10-19 

ITE4093.10-19 

2N4117.10-21 

2N4117A.10-21 

2N4118.10-21 

2N4118A.10-21 

2N4119.10-21 

2N4119A.10-21 

2N4220 .10-22 

2N4221 .10-22 

2N4222 .10-22 

2N4223 .10-23 

2N4224 .10-23 

2N4338 .10-24 

2N4339 .10-24 

2N4340 .10-24 

2N4341 .10-24 

2N4351 .10-25 

2N4391 .10-26 

2N4392 .10-26 

2N4393 .10-26 

ITE4391.10-26 

ITE4392.10-26 

ITE4393.10-26 

2N4416/A.10-28 

ITE4416.10-28 

2N4856 .10-30 

2N4856JAN,JTX,JTXV .10-30 

2N4857 .10-30 

2N4857JAN,JTX,JTXV . 10-30 

2N4858 .10-30 

2N4858JAN,JTX,JTXV. 10-30 


Discretes 


2N4859 .10-30 

2N4859JAN.JTX,JTXV .10-30 

2N4860 .10-30 

2N4860JAN,JTX,JTXV .10-30 

2N4861 .10-30 

2N4861 JAN,JTX.JTXV .10-30 

2N4867/A.10-32 

2N4868/A.10-32 

2N4869/A.10-32 

2N5018.10-33 

2N5019.10-33 

2N5114.10-35 

2N5114JAN.JTX,JTXV .10-35 

2N5115.10-35 

2N5115JAN,JTX,JTXV . 10-35 

2N5116.10-35 

2N5116JAN,JTX,JTXV . 10-35 

2N5117.10-37 

2N5118.10-37 

2N5119.10-37 

2N5196.10-39 

2N5197.10-39 

2N5198.10-39 

2N5199.10-39 

2N5397 .10-41 

2N5398 .10-41 

2N5432 .10-43 

2N5433 .10-43 

2N5434 .10-43 

2N5452 .10-45 

2N5453 .10-45 

2N5454 .10-45 

2N5457 .10-47 

2N5458 .10-47 

2N5459 .10-47 

2N5460 .10-48 

2N5461 .10-48 

2N5462 .10-48 

2N5463 .10-48 

2N5464 .10-48 

2N5465 .10-48 






















































































































Section 10 — Discretes (Continued) 


2N5484 .10-50 

2N5485 .10-50 

2N5486 .10-50 

2N5515.10-52 

2N5516.10-52 

2N5517.10-52 

2N5518.10-52 

2N5519.10-52 

2N5520 .10-52 

2N5521 .10-52 

2N5522 .10-52 

2N5523 .10-52 

2N5524 .10-52 

2N5638 .10-54 

2N5639 .10-54 

2N5640 .10-54 

2N5902 .10-56 

2N5903 .10-56 

2N5904 .10-56 

2N5905 .10-56 

2N5906 .10-56 

2N5907 .10-56 

2N5908 .10-56 

2N5909 .10-56 

2N5911.10-58 

2N5912.10-58 

IT5911.10-58 

IT5912.10-58 

ITC5911 .10-58 

ITC5912 .10-58 

2N6483 .10-60 

2N6484 .10-60 

2N6485 .10-60 

3N161 .10-62 

3N163.10-63 

3N164.10-63 

3N165.10-65 

3N166.10-65 

3N170.10-67 

3N171 .10-67 

3N172.10-69 

3N173.10-69 

3N188.10-71 


3N189 . 

.10-71 

3N190 . 

.10-71 

3N191. 

.10-71 

ID100. 

.10-73 

ID101 . 

.10-73 

IT100. 

.10-75 

IT101. 

.10-75 

IT120. 

.10-76 

IT120A. 

.10-76 

IT121. 

.10-76 

IT122. 

.10-76 

IT126. 

.10-78 

IT127. 

.10-78 

IT128. 

.10-78 

IT129. 

.10-78 

IT130. 

.10-80 

IT130A. 

.10-80 

IT131. 

.10-80 

IT132. 

.10-80 

IT136. 

.10-82 

IT137 ........ 

.10-82 

IT138. 

.10-82 

IT139. 

.10-82 

IT500 . 

.10-84 

IT501. 

.10-84 

IT502 . 

.10-84 

IT503 . 

.10-84 

IT504 . 

.10-84 

IT505 . 

.10-84 

IT1700 . 

.10-87 

IT1750. 

.10-88 

J105. 

.10-89 

J106. 

.10-89 

J107. 

.10-89 

J108. 

.10-90 

J109. 

.10-90 

J110. 

.10-90 

Jill. 

.10-91 

J112. 

.10-91 

J113. 

.10-91 

J174. 

.10-92 

J175. 

.10-92 


J176.10-92 

J177.10-92 

J201.10-94 

J202.10-94 

J203.10-94 

J204.10-94 

J308.10-95 

J309.10-95 

J310.10-95 

LM114/H .10-97 

LM114A/AH.10-97 

Ml 16.10-99 

U200 .10-100 

U201 .10-100 

U202 .10-100 

U231 .10-101 

U232 .10-101 

U233 .10-101 

U234 .10-101 

U235 .10-101 

U257 .10-103 

U304 .10-104 

U305 .10-104 

U306 .10-104 

U308 .10-106 

U309 .10-106 

U310.10-106 

U401 .10-108 

U402 .10-108 

U403 .10-108 

U404 .10-108 

U405 .10-108 

U406 .10-108 

U1897 .10-110 

U1898 .10-110 

U1899 .10-110 

VCR2N.10-112 

VCR3P .10-112 

VCR4N.10-112 

VCR5P .10-112 

VCR7N.10-112 

VCR11B.10-115 


































































































































2N2607-2N2609 

P-Channel JFET 
General Purpose Amplifier 



APPLICATIONS 


ABSOLUTE MAXIMUM RATINGS 


• Low-Level Choppers 

• Data Switches 

• Commutators 


PIN CONFIGURATION 



(Ta= 25*0 unless otherwise noted) 

Gate-Source Voltage .30V 

Gate-Drain Voltage .30V 

Gate Current.50mA 

Storage Temperature Range.-es^Cto +200“C 

Operating Temperature Range .-55“C to + 175“C 

Lead Temperature (Soldering, 10sec) .^ogo^C 

Power Dissipation. 300mW 

Derate above 25®C .2mW/®C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-18 

2N2607 

2N2608 

2N2609 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N2607 

2N2608 

2N2609 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Igss 

Gate Reverse Current 

Vgs = 30V. Vds = 0 


3 


10 


30 

nA 

Vgs = 5V, Vds=0,Ta=150”C 


3 


10 


30 

fxA 

BVqss 

Gate-Source Breakdown 
Voltage 

10 = 1^, Vds = 0 

30 


30 


30 


V 

Vp 

Gate-Source Pinch-Off 

Voltage 

VDS=-5V,lD=-1|aA 

1 

4 

1 

4 

1 

4 

V 

loss 

Drain Current at Zero Gate 
Voltage 

Vds=-5V,Vgs = 0 

-0.30 

-1.50 

-0.90 

-4.50 

-2 

-10 

mA 

9fs 

Small-Signal Common-Source 
Forward Transconductance 

Vds = - 5V. Vgs = 0, f = 1 kHz 

330 


1000 


2500 


juiS 

^iss 

Common-Source Input 
Capacitance 

Vds=-5V, Vgs= 1V. 
f=1MHz (Notel) 


10 


17 


30 

PF 

NF 

Noise Figure (Note 1) 

Vds=-5V. 

VGS = 0.^=1kHz 

RG = 10Mn 


3 





dB 

RG=1Mn 




3 


3 


NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N2607-2N2609 

















2N3684-2N3687 


2N3684-2113687 

N-Channel JFET 
Low Noise Amplifier 

FEATURES 

• Low Noise 

• High Input Impedance 

• Low Capacitance 

APPLICATIONS 

• Low Level Choppers 

• Data Switches 

• Multiplexers 

• Low Noise Amplifiers 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25*C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage.-50V 

Gate Current.50mA 

Storage Temperature Range.-65®Cto +200“C 

Operating Temperature Range.-55“C to+175®C 

Lead Temperature (Soldering, 10sec) .+300“C 

Power Dissipation. 300mW 

Derate above 25“C .2.0mW/“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 


2N3684 


2N3685 


2N3686 


2N3687 


ELECTRICAL CHARACTERISTICS (Ta = 25"C unless otherwise noted) 


Symboi 

Parameter 

Test Conditions 

2N3684 

2N3685 



Units 

IQQI 

U23I 

IQI 






BVqsS 

Gate to Source Breakdown Voltage 

Vds = 0, Ig = 1.0juiA 









B 

Vp 

Pinch-Off Voltage 

Vds = 20V, Id = 0.001 jitA 

-2.0 







BB 

loss 

Gate Leakage Current 

Vgs=-30V. Vds = 0 


QQ 


IQI 


BD 


IQQ 


|Ta=150»C 




BBS 




BQSI 

11^9 

loss 

Saturation Current, Drain-to-Source 

VgS = 0. Vds = 20V 

2.5 

7.5 

1.0 


■a 

■a 

Em 



lYfsl 

Forward Transadmittance 

Vds = 20V. Vgs = 0 
f=1kHz 

2000 

3000 

1500 


1000 

2000 

500 

1500 

19 

Gqs 

Common Source Output 
Conductance 


50 


B 


10 



m 

Cjss 

Common Source Input 

Capacitance 

Vds = 20V,Vgs = 0 
f=1MHz (Note1) 


4.0 


4.0 


4.0 


■ 

B 

Grss 

Common Source Short Circuit 
Reverse Transfer Capacitance 


1.2 


1.2 


1.2 


H 

B 

rDS(on) 

On Resistance 

Vds = 0, Vgs = 0 


600 


800 


[^1 


2400 





■ 


■ 


■ 

0.5 

■ 


dB 


NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3810/A, 2N3811/A 

Monolithic Dual Matched PNP 
General Purpose Amplifier 

PIN CONFIGURATION 



ORDERING INFORMATION 


TO-78 

2N381Q 

2N3810A 

2N3811 

2N3811A 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Emitter-Base Voltage (Note 1).-5V 

Collector-Base or Collector-Emitter Voltage 

(Note1) .-60V 

Collector Current (Note 1) .50mA 

Storage Temperature Range.-65“Cto ^-lys^C 

Operating Temperature Range.-SS^Cto +175*’C 

Lead Temperature (Soldering, 10sec) .^-OOO^C 

One Side Both Sides 

Power Dissipation .. 500mW 600mW 

Derate above 25“C O-OmW/^C 4.0mW/‘*C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

2N3810/A 


Units 

Min 

Max 

Min 


BVcbo 

Collector-Base Breakdown Voltage 

lc=-10jULA, Ie=0 

-60 


-60 


1 

bvceo 

Collector-Emitter Breakdown Voltage 
(Note 2) 

lc= -10mA, Ib = 0 

-60 




BVebO 

Emitter-Base Breakdown Voltage 

lE=-10jutA, lc=0 

-5 


-5 


lc(off) 

Collector Cutoff Current 

Vcb=-50V, Ie = 0 




-10 

^ESIi 


Ta=+150“C 


BQ 


-10 

BEII 

•E(off) 

Emitter Cutoff Current 

Vbe = 4V, Ic=0 


B 


-20 

nA 

hpE 

Static Forward Current 

Transfer Ratio 

> 

to 

1 

11 

UJ 

o 

> 

lc=-10jLiA 



225 


1 

lc= -lOOjaAto -1mA 

150 

450 

300 


lc=10mA (Note 2) 

125 


250 


Ic=100/xA,Ta=-55'*C 

75 


150 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-3 


2N3810/A, 2N3811/A 
































2N3810/A, 2N3811/A 


2N3810/A, 2N3811/A ^DIMOli^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25*^0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N3810/A 

2N3811/A 

Units 

Min 

Max 

Min 

Max 

VBE(sat) 

Base-Emitter Saturation 

Voltage 

lc=-100/jtA, Ib=-10jliA 


-0.7 


-0.7 

V 

lc=-1.0juiA, Ib=-100jliA 


-0.8 


-0.8 

VcE(sat) 

Collector-Emitter Saturation 
Voltage (Note 2) 

lB=-10iu,A, Ic=-100jliA 


-0.2 


-0.2 

Ib= — lOOjutA, lc= —1mA 


-0.25 


-0.25 

hie 

Input Impedance (Note 4) 

VcE=-10V 

lc= -1mA 

f= 1kHz 

3 

30 

10 

40 

kn 

hfe 

Forward Current Transfer 

Ratio (Note 4) 

150 

600 

300 

900 


hre 

Reverse Voltage Transfer 

Ratio (Note 4) 


0.25 


0.25 

hoe 

Output Admittance (Note 4) 

5 

60 

5 

60 

fXS 

Ihfel 

Magnitude of small signal 
current gain (Note 4) 

g 

1 

II 

UJ 

o 

> 

lc= -1mA, 
f= 100MHz 

1 

5 

1 

5 


lc= — SOO/xA, 
f=30MHz 

1 


1 


Cobo 

Output Capacitance (Note 4) 

Vcb=- 5V, lE = 0.f=1MHz 


4 


4 

PF 

Cibo 

Input Capacitance (Note 4) 

VcB= -0.5V, lc=0, f=1MHz 


8 


8 

hFEi/hFE2 

DC Current Gain Ratio 

Vce=- 5V, lc=100jiiA 

0.9 

1.0 

0.9 

1.0 



A devices 

0.95 

1.0 

0.95 

1.0 

|VbEi-VbE2 I 

Base-Emitter Voltage 

Vce=-5V 

lc=10jaA to 10mA 


-5 


-5 

mV 

Differential 

A devices 


-2.5 


-2.5 



lc=100/xA 


-3 


-3 


A devices 


-1.5 


-1.5 

AVbEi-VbE2 

Base-Emitter Voltage 

VcE=-5, lc=100jLiA 


10 


10 

jllV/^C 

AT 

Differential Gradient 

A devices 


5 


5 

NF 

Spot Noise Figure 
(Note 4) 

VcE = -10V, Ic = -1 OOjllA, Rg = 3kft, 
f= 100Hz, Noise Bandwidth = 20Hz 


7 


4 

dB 

VcE = -10V, Ic = -100/xA, Rg = 3K11, 
f = 1 kHz, Noise Bandwidth = 200kHz 


3 


1.5 

VcE = -10V, Ic = -10OjaA, Rg = 3kn 
f= 10kHz, Noise Bandwidth = 2kHz 


2.5 


1.5 

VcE = -10V, Ic = -10OjuA, Rg = 3kft, 
Noise Bandwidth = 15.7kHz (Note 3) 


3.5 


2.5 


NOTES: 1. Per transistor. 

2. Pulse width ^300)xs, duty cycle 2.0%. 

3. 3dB down at 10Hz and 10kHz. 

4. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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2N3821, 2N3822, JAN, 

JTX, JTXV 

N-Channel JFET 
High Frequency Amplifier 



FEATURES 

• Low Capacitance 

• Up to esoOjas Transconductance 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Source Voltage .-50V 

Gate-Drain Voltage .-50V 

Gate Current.10mA 

Storage Temperature Range.-65''Cto +200®C 

Operating Temperature Range.-55“Cto+175“C 

Lead Temperature (Soldering, lOsec) .+300"C 

Power Dissipation. 300mW 

Derate above 25'’C .2.0mW/"C 


NOTE; Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 


2N3821 


2N3822 


t add JAN, JTX, JTXV to basic part number to specify these devices. 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N3821 

2N3822 

Units 

Min 

Max 

Min 

Max 





-0.1 


-0.1 




-0.1 


-0.1 


iMIM 

Gate-Source Breakdown Voltage 

Ig= -Iju-A, Vds = 0 



-50 




Gate-Source Cutoff Voltage 

Vds = 15V, lD=0.5nA 


-4 


-6 

Vgs 

Gate-Source Voltage 

Vds= 15V, iD = 50jLiA 


-2 



Vds=15V. Id=200/iA 



-1 

-4 

loss 

Saturation Drain Current (Note 1) 




2 

10 

mA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3821, 2N3822, JAN, JTX, JTXV 































2N3821, 2N3822, JAN, JTX, JTXV 


2N3821, 2N3822, JAN, JTX, JTXV BINrinii^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25“C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N3821 

2N3822 

Units 

Min 

Max 

Min 

Max 

Qfs 

Common-Source Forward 
Transconductance (Note 1) 

Vds=15V,Vgs = 0 

f=1kHz 

1500 

4500 

3000 

6500 

IXS 

iVfsl 

Common-Source Forward 
Transadmittance (Note 2) 

f= 100MHz 

1500 


3000 


dos 

Common-Source Output 
Conductance (Note 1) 

f=1kHz 


10 


20 

Ciss 

Common-Source Input 

Capacitance (Note 2) 

f=1MHz 


6 


6 

PF 

Crss 

Common-Source Reverse Transfer 
Capacitance (Note 2) 


3 


3 

NF 

Noise Figure (Note 2) 

Vds=15V,Vgs = 0, 

Rgen = 1meg, BW= 5Hz 

f=10Hz 


5 


5 

dB 

en 

Equivalent Input Noise Voltage 
(Note 2) 

Vds=15V,Vgs = 0, 
BW=5Hz 


200 


200 

nV 

VRz 


NOTES: 1. These parameters are measured during a 2ms interval 100ms after DC power is applied. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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2N3823, JAN, JTX, JTXV 


N-Channel JFET 
High Frequency Amplifier 

FEATURES 

• Low Noise 

• Low Capacitance 

• Transductance Up to 6500/jis 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage .-30V 

Gate Current.10mA 

Storage Temperature Range.-65“Cto +200*0 

Operating Temperature Range.-55“C to + 175*C 

Lead Temperature (Soldering, lOsec) .+300*C 

Power Dissipation. 300mW 

Derate above 25*C .2.0mW/*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 

ORDERING INFORMATION 


TO-72 


2N3823 


t add JAN, JTX, JTXV to basic part number to specify these devices. 


ELECTRICAL CHARACTERISTICS (Ta = 25*c unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 



Units 

Iqss 

Gate Reverse Current 

Vgs=-20V.Vds=0 



-0.5 

nA 




Ta=150°C 


-0.5 

jxA 

BVqsS 

Gate-Source Breakdown Voltage 

“I/aA, Vds = 0 

-30 



VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 15V, lD=0.5nA 


-8 

V 

Vqs 

Gate-Source Voltage 

Vds= 15V, lD = 400jutA 

-1.0 

-7.5 


loss 

Saturation Drain Current 

Vds = 15V,Vgs = 0 

4 

20 

mA 

gfs 

Common-Source Forward 
Transconductance (Note 1) 


f=1kHz 

3,500 

6,500 


lYfsl 

Common-Source Forward 
Transadmittance (Note 2) 


f= 100MHz 

3,200 



Oos 

Common-Source Output 
Conductance (Note 1) 


f=1kHz 


35 

jUtS 

Oiss 

Common-Source Input 
Conductance (Note 2) 

Vds=15V.Vgs = 0 

f=200MHz 


800 


Ooss 

Common-Source Output 
Conductance (Note 2) 



200 


Cjss 

Common-Source Input 

Capacitance (Note 2) 


f=1MHz 


6 

PF 

Crss 

Common-Source Reverse 

Transfer Capacitance (Note 2) 



2 

NF 

Noise Figure (Note 2) 

Vds=15V,Vgs = 0 
RG = 1kft 

f= 100MHz 


2.5 

dB 


NOTES: 1. These parameters are measured during a 2ms interval 100ms after DC power is applied. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3823, JAN, JTX, JTXV 
















2N3824 


2N3824 

N-Channel JFET 
Switch 



FEATURES 

• rd8<250 Ohms 

• lD(off)<0-1nA 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25®C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage.-50V 

Gate Current.10mA 

Storage Temperature Range.-BS^Cto +200®C 

Operating Temperature Range.-55®C to+175*0 

Load Temperature (Soldering, lOsec) .+300*C 

Power Dissipation. 300mW 

Derate above 25*C .2.0mW/*C 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 


2N3824 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


Symbol 

Parameter 



Limits 

Units 

1 esi uonamons 

Min 

Max 

Igss 

Gate Reverse Current 

Vgs=-30V, Vds = 0 



-0.1 

nA 




Ta=150*C 


-0.1 

}xA 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= -1ju-A, Vds = 0 

-50 


V 

•□(off) 

Drain Cutoff Current 

Vds=15V. Vgs=-8V 


0.1 

nA 




Ta=150*C 


0.1 

julA 

rdsfon) 

Drain-Source ON Resistance 

Vgs = 0V. Id = 0 

f=1kHz 


250 

a 

Cjss 

Common-Source Input Capacitance 
(Note 1) 

Vds=15V,Vgs = 0 

f=1MHz 


6 

PF 

^rss 

Common-Source Reverse Transfer 
Capacitance (Note 1) 

Vgs=-8V, Vds = 0 


3 


NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3921, 2N3922 

Monolithic Dual N-Channel JFET 
General Purpose Amplifier 



FEATURES 

• Low Drain Current 

• High Output Impedance 

• Matched Vgs> AVgs> and gfs 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1) .-50V 


Gate Current (Note 1) ..50mA 

Storage Temperature Range.-65"Cto +200‘’C 

Operating Temperature Range.-SS^Cto +200®C 

Load Temperature (Soldering, lOsec) .+300“C 

Total Power Dissipation.. 300mW 

Derate above 25‘’C .1.7mW/®C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-71 


2N3921 


2N3922 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

•gss 

Gate Reverse Current 

Vgs =-30 V. Vds=o 



-1 

nA 




II 

o 

q 

d 


-1 

juA 

BVdgo 

Drain-Gate Breakdown Voltage 

lD=1jLiA, ls = 0 

50 



VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 10V, lD = 1nA 


-3 

V 

Vgs 

Gate-Source Voltage 

Vds = 10V, lD = 100jaA 

-0.2 

-2.7 


Ig 

Gate Operating Current 

Vdg = 10V, iD = 700jaA 



-250 

pA 




Ta=100°C 


-25 

nA 

•dss 

Saturation Drain Current (Note 1) 

Vds= 10V, Vgs = 0 

1 

10 

mA 

9fs 

Common-Source Forward 

Transconductance (Note 2) 


f=1kHz 

1500 

7500 

JJiS 

9os 

Common-Source Output Conductance 



35 

Qss 

Common-Source Input Capacitance 
(Note 3) 

Vds = 10V, VgS“0 



18 

PF 

^rss 

Common-Source Reverse Transfer 
Capacitance (Note 3) 


f=1MHz 


6 


9fs 

Common-Source Forward Transconductance 

Vdg = 10V, iD = 700jaA 

f=1kHz 

1500 


flS 

9oss 

Common-Source Output Conductance 




20 

NF 

Spot Noise Figure 
(Note 3) 

Vds==10V, Vgs = 0 

f=1kHz, 

Rg = 1 megfl 


2 

dB 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3921, 2N3922 
















2N3921, 2N3922 


2N3921, 2N3922 


MATCHING CHARACTERISTICS (Ta = 25*C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N3921 



Min 

Max 




Differential Gate-Source Voltage 

Vdg = 10V, 

Id = 700jliA 



5 


5 

mV 


Gate-Source Differential Voltage 
Change with Temperature 

Ta=o‘>c 

Tb =100^0 


10 


B 


gfsi/gfs2 

Transconductance Ratio 

f=1kHz 




im 



NOTES: 1. Per transistor. 

2. Pulse test duration == 2 ms. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3954-2N3958 

2N3954A/2N3955A 

Monolithic Dual N-Channel JFET 
General Purpose Amplifier 



FEATURES 

• Low Offset and Drift 

• Low Capacitance 

• Low Noise 

• Superior Tracking Ability 

• Low Output Conductance 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25‘’C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage .-50V 

Gate-to-Gate Voltage .±50V 

Gate Current.50mA 

Total Device Dissipation 85“C (Each Side). 250mW 

Case Temperature (Both Sides) . 500mW 

Power Derating (Each Side).2.86mW/‘’C 

(Both Sides) .4.3mW/“C 

Storage Temperature Range.-65°Cto +200°C 

Lead Temperature C/ie" from case 
for 10 seconds) . 300“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability 

ORDERING INFORMATION 


TO-71 


2N3954 


2N3954A 


2N3955 

2N3955A 


2N3956 


2N3957 


2N3958 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N3954 

2N3954A 

2N3955 

2N3955A 

2N3956 

2N3957 

2N3958 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

•gss 

Gate Reverse 
Current 

Vgs=-30 
Vds = 0 

V, 















m 

Ta=150°C 






-500 






-500 


-500 

QQIi 

BVqss 

Gate-Source 

Breakdown 

Voltage 

Vqs = 0 

Ig = -1jaA 


■ 


■ 



-50 


-50 


-50 


-50 


v 

VGS(off) 

Gate-Source 
Cutoff Voltage 

Vds = 20V. 
lo = 1nA 


D 







■ 


HHQ 

IQ 


mi 

VGS(f) 

Gate-Source 
Forward Voltage 

Vqs = 0 

Ig = 1mA 


2.0 


2.0 


2.0 


2.0 


jj^QI 


IIQI 


IQI 

Vqs 

Gate-Source 

Voltage 

Vos=20V 

l□ = 50ju,A 


-4.2 


-4.2 


-4.2 


-4.2 


-4.2 


-4.2 


-4.2 

Iq —200ju,A 

-0.5 

-4.0 

-0.5 

-4.0 

-0.5 

-4.0 

-0.4 

-4.0 

-0.5 

-4.0 

-0.5 

-4.0 

-0.5 

-4.0 

Ig 

Gate Operating 
Current 

Vds = 20V, 
Id = 200jaA 



-50 


-50 


-50 


-50 


-50 


-50 


-50 

pA 

Ta=125X 


-250 


-250 


-250 


-250 


-250 


-250 


-250 

nA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3S54-2N3958 2N3954A/2N3955A 


















2N3954-2N3958 2N3954A/2N3955A 


^DI^Suli^DIL 


2N3954-2N3958 2N3954A/2N3955A 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25*^0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N3954 

2N3954A 




2N3957 



[JJ[| 


^3 

UU3 


Ujjj 

UJIJI 

C53 

3JUI 

U23 

03 

[J[JJ 

un 

^J3 



< < 
o o 

CO to 

II II 
o ro 
o 
< 





11^1 


on 


Qj 





1^1 


IHQj 


Common-Source 

Forward 

Transconductance 


N 

X 

II 



EB 

^31 

[|3 





^3 

EB 

^3 

[Q 

23 

flS 

(Note 2) 

f=200MHz 











m 





Common-Source 

Output 

Conductance 

Vds=20V, 
Vqs = 0 

f=1kHz 


35 

B 


B 

35 


35 


35 

B 


B 

35 

Ciss 

Common-Source 
Input Capacitance 
(Note 2) 

f=1MHz 

1 

B 

B 

4.0 

B 

4.0 

B 

4.0 


4.0 


4.0 


4.0 

PF 


Common Source 
Reverse Transfer 
Capacitance (Note 2) 

1 

B 

B 


B 

1.2 

B 


B 


B 

1.2 


1.2 


Drain-Gate 
Capacitance (Note 2) 

Vdg= 10V, 
ls = 0 

■ 


■ 

B 

■ 

D 


1.5 

■ 

B 

■ 

B 


1.5 

NF 

Common-Source 

Spot Noise 

Figure (Note 2) 

Vds = 20V 
Vgs = 0 
RG=10Mft 

f= 100Hz 


0.5 

B 


B 

0.5 

B 


B 


B 

0.5 


0.5 

dB 

CM 

j5 

1 

Differential Gate 
Current 

Vds = 20V. 
|0 = 2OOjliA 

T=125“C 


10 


10 

■ 

D 

■ 

10 


1 


10 

B 

B 

HQII 

•dSSi/10882 

Drain Saturation 
Current Ratio 

CM O 

II II 
to to 
Q O 
> > 

0.95 

1.0 

0.95 

1.0 

0.95 

1.0 

0.95 

1.0 

0.95 

1.0 


1.0 

0.85 

1.0 

B 

1 Vqsi - Vgs2 I 

Differential 

Gate-Source 

Voltage 

Vds = 20V, 
Id = 200]u,A 


1 

5.0 

B 


B 

10.0 


5.0 



B 


B 


mV 

A|Vgsi-Vgs2| 

Gate-Source 

Differential 

Voltage Change 

With Temperature 


■ 

i 


m 

■ 

2.0 


D 


4.0 

■ 

on 

B 

B 

T=25“C 

to125“C 

1 


B 


B 

B 

B 

1.5 


5.0 

B 

B 

B 

10.0 

AT 

9fsi/gfs2 

Transconductance 

Ratio 


f=1kHz 

0.97 

1.0 

0.97 

1.0 

0.97 

1.0 

0.95 

1.0 

0.95 

1.0 

0.90 

- 

0.85 

1.0 

■ 


NOTES: 1. Per Transistor. 

2. For design reference only, not 100% tested. 


INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3970-2N3972 

N-Channel JFET Switch 

FEATURES 

• Low rDS(on) 

• lD(OFF)<250pA 

• Fast Switching 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage .-40V 

Gate Current.50mA 

Storage Temperature Range.-65“Cto +200*0 

Operating Temperature Range.-55®Cto+200*C 

Lead Temperature (Soldering, 10sec) .+300*C 

Power Dissipation @ 25*C Case Temp.1.8W 

Derate above 25“C .10mW/“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-18 

2N3970 

2N3971 

2N3972 


ELECTRICAL CHARACTERISTICS (Ta = 25*c unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 



2N3972 

Units 



UQI 




BVqss 

Gate Reverse Breakdown Voltage 

Iq- “VA, Vqs = 0 



BnEI 


mu 


V 

•dgo 

Drain Reverse Current 

Vdg = 20V, Is = 0 



1^3 


1^1 


imi 

pA 

Ta = 150“C 



500 


500 


iD(off) 

Drain Cutoff Current 

Vdg = 20V. Vgs = 

-12V 







pA 

Ta = 150“C 



500 


500 

IBi 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 20V, lD=1nA 

Bl 


■1 

-5 


-3 

V 

loss 

Saturation Drain Current 

(Pulse width 300 juts, duty cycle ^3%) 

Vds = 20V,Vgs = 0 





5 

30 

mA 

VDS(on) 

Drain-Source ON Voltage 

Vgs = 0 

Id= 5mA 






B 

■ 

Id = 10mA 




■a 



Id= 20mA 


1 





rDS(on) 

Static Drain-Source ON Resistance 

Vgs = 0. Id= 1mA 




1^1 


100 

ft 

■'ds(on) 

Drain-Source ON Resistance 

< 

o 

CO 

p 

o" 

o 

f=1kHz 








Common-Source Input Capacitance 

Vds = 20V, Vgs = 0 
(Note1) 

f=1MHz 




25 


25 

PF 


Common-Source Reverse Transfer 
Capacitance 

VdS = 0, Vgs=- 12V 
(Note 1) 


6 


6 


6 


Turn-On Delay Time (Note 1) 

VDD=10V.VGS(on) = 0 

iD(on) VGS(off) Rl 

2N3970 20mA -10V 450ft 

2N3971 10mA - 5V 850ft 

2N3972 5mA - 3V 1.6Kft 




15 


40 


tr 

Rise Time (Note 1) 


10 


■3 


Bl 


Turn-Off Time (Note 1) 


30 


60 




NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3970-2N3972 





































2N3970-2N3972 


2N3970-2N3972 @Q[R!nnii^OIL 


ELECTRICAL CHARACTERISTICS (Continued) 




VoD 

o 






1 

< 

1 

" n _ VoD*Vos(ON) 

INPUT PULSE 


SAMPLING SCOPE 





Rise Time 

0.25 ns 

Rise Time 

0.4 ns 

V|N O————' 



Fall Time 

0.75 ns 

Input Resistance 

lOMft 


■ 


Pulse Width 

200 ns 

Input Capacitance 

1.5 pF 

Rq J 

1 s 


Pulse Rate 

550 pps 



500 j 

> 







0208-3 







Figure 1: Switching Time Test Circuit 





INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-14 



2N3993, 2N3994 

P-Channel JFET 

General Purpose Amplifier/Switch 



FEATURES 


ABSOLUTE MAXIMUM RATINGS 


• Low rDS<on) 

• High Yfs/Ciss Ratio (High-Frequency Figure-of-Merit) 

PIN CONFIGURATION 



APPLICATIONS 

Used in high-speed commutator and chopper applica¬ 
tions. Also ideal for “Virtual Gnd” switching; needs no ext. 
translator circuit to switch ±10 VAC. Can be driven direct 
from TTL or CMOS logic. 


(Ta= 25“C unless otherwise noted) 

Drain-Gate Voltage .-25V 

Drain-Source Voltage .-25V 

Continuous Forward Gate Current .-10mA 

Storage Temperature Range.-65“Cto +200“C 

Operating Temperature Range.-55‘*Cto +175®C 

Lead Temperature (Soldering, lOsec) .+300‘*C 

Power Dissipation. 300mW 

Derate above 25*C .2.0mW/*C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 

2N3993 

2N3994 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

_ 

Parameter 

Test Conditions 

2N3993 

2N3994 



(Note 3) 

Min 

Max 




Gate-Source Breakdown Voltage 

Iq = 1 ju,A, 

Vds=0 



Bi 


V 

Idgo 

Drain Reverse Current 

Vdg=-15V. 

ls=0 


-1.2 







Is=0.a=150“ 


-1.2 


-1.2 

juiA 

•dss 

Zero-Gate-Voltage Drain Current 

Vds=-iov. 

Vgs=0. (See Note 1) 

-10 


-2 


mA 

•□(off) 

Drain Cutoff Current 

Vds=-iov, 

Vgs=6V 




-1.2 

nA 



Vds=-10V. 

Vgs=6V,Ta = 150“C 




-1 

jliA 



< 

o 

CO 

II 

I 

1 

Vgs=10V 


-1.2 



nA 



Vds=-iov, 

Vgs=10V.Ta=150“C 


-1 



/xA 

VGS(off) 

Gate-Source Voltage 

Vds=-10V. 

Id= -IjhA 

4 

9.5 

1 

5.5 

V 

*’ds(on) 

Small-Signal Drain-Source 

On-State Resistance 

Vgs=o, 

f=1kHz 

Id=0. 




300 

0. 

lyfsl 

Small-Signal Common-Source 
Forward Transfer Admittance 

Vds=-iov, 

f=1kHz. 

Vgs=0. 

(See Note 1) 

6 

12 

4 

10 

fxs 

Ciss 

Common-Source Short-Circuit 

Input Capacitance (Note 3) 

Vds=-iov. 

f=1MHz, 

Vgs=0. 

(See Note 2) 




16 

B 

Crss 

Common-Source Short-Circuit 

Vds = 0. 
f=1MHz 

Vgs=6V, 




5 

B 


Reverse Transfer Capacitance 
(Note 3) 

Vds=o. 

f=1MHz 

Vgs=10V. 


B 



PF 


NOTES: 1. These parameters must be measured using pulse techniques, tp= 100ms, duty cycle10%. 

2. This parameter must be measured with bias voltage applied for less than 5 seconds to avoid overheating. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N3993, 2N3994 




























2li4044, 2114045, 2N4100, 2114878, 2N4870, 2N4880 


2N4044, 2N4045, 2N4100, 

2N4878, 2N4879, 2N4880 

Dielectrically Isolated Monolithic 
Dual NPN General Purpose 
Amplifier 



FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Good hpE Match 

• Tight Vbe Tracking 

• Dielectrically Isolated Matched Pairs for Differential 
Amplifiers 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

(Ta= 25°C unless otherwise noted) 

Collector-Base or Collector-Emitter Voltage (Note 1) 


2N4044, 2N4878 . 60V 

2N4100,2N4879 . 55V 

2N4045. 2N4880 . 45V 

Collector-Collector Voltage .100V 

Emitter Base Voltage (Note 2).7V 

Collector Current (Note 1) .10mA 

Storage Temperature Range.-65‘’Cto +175°C 

Operating Temperature Range.-55‘’C to + 175°C 

Lead Temperature (Soldering, lOsec) .+300®C 

TO-71 TO-78 


One Both One Both 
Side Sides Side Sides 

Power Dissipation 200mW 400mW 250mW 500mW 
Derate above 25°C 

(mW/°C) 1.3 2.7 1.7 3.3 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 


TO-78 

TO-71 

2N4044 

2N4878 

2N4045 

2N4879 

2N4100 

2N4880 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N4044 

2N4878 

2N4100 

2N4879 

2N4045 

2N4880 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

hpE 

DC Current Gain 

lc=10jLLA, Vce = 5V 

200 

600 

150 

600 

80 

800 


lc= 1.0mA, Vce = 5V 

225 


175 


100 


Ic = 10juA, VcE = 5V Ta = - 55“C 

75 


50 


30 


VBE(on) 

Emitter-Base On Voltage 



0.7 


0.7 


0.7 

V 

VcE(sat) 

Collector Saturation Voltage 

lc= 1.0mA, Ib = 0.1mA 


0.35 


0.35 


0.35 

ICBO 

Collector Cutoff Current 

Ie = 0, Vcb = 45V, 30V 


0.1 


0.1 


0.1 

nA 

Ta=150“C 


0.1 


0.1 


0.1 

jaA 

■ebo 

Emitter Cutoff Current 

Ic = 0,Veb==5V 


0.1 


0.1 


0.1 

nA 

^obo 

Output Capacitance (Note 4) 

Ie = 0, VcB = 5V,f=1MHz 


0.8 


0.8 


0.8 

pF 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 10-16 
















2N4044, 2N4045, 2114100, 2N4878, 
2N4879, 2N4880 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25'C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N4044 

2N4878 

2N4100 

2N4879 

2N4045 

2N4880 

Units 

Min 

Max 

Min 

Max 

Min 

Max 


Emitter Transition 
Capacitance (Note 4) 

lc = 0, VEB = 0.5V,f=1MHz 


1 


B 

■ 

D 


CCvC2 

Collector to Collector 
Capacitance (Note 4) 

VcC = 0,f=1MHz 


0.8 


0.8 




IC1.C2 

Collector to Collector 
Leakage Current 

Vcc=±100V 


5 


5 


5 

pA 

VcEO(sust) 

Collector to Emitter 
Sustaining Voltage 

lc= 1 mA, Ib = 0 

60 


55 


45 


V 

ft 

Current Gain Bandwidth 
Product (Note 4) 

lc=1mA, VcE=10V 

200 


150 


150 


MHz 

ft 

Current Gain Bandwidth 
Product (Note 4) 









NF 

Narrow Band Noise Figure 
(Note 4) 

lc=10jaA,VcE = 5V f==1kHz 

RG = 10kn BW=200Hz 


2 


3 


3 

dB 

BVcbO 

Collector Base Breakdown 
Voltage 

lc=10]iiA, Ie = 0 

60 







BVebO 

Emitter Base Breakdown 
Voltage (Note 2) 

lE=10jaA, lc = 0 

7 


7 


7 




MATCHING CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


hFEi/hFE2 

DC Current Gain Ratio 
(Note 3) 

lc= lO/aA to 1mA, 

Vce = 5V 

0.9 

1 


B 


B 


|VbEi -VbE 2 

Base Emitter Voltage 
Differential 

lc=10iLLA, Vce = 5V 


3 


5 


5 

mV 

I >81 -IB2I 

Base Current 

Differential 

lc=10juiA, Vce = 5V 


5 


10 


25 

nA 

|A(VbEi-VbE2)|/AT 

Base Emitter 

Voltage Differential 
Change with 
Temperature 

lc = ‘IOi^A. 

Vce = 5V 

TA=-55"CtO +125*C 


3 


5 


10 

ju,V/“C 

|A(IBi-IB2)I/AT 

Base Current 

Differential 

Change with 
Temperature 


0.3 


0.5 


1 

nArC 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4044, 2N4045, 2N4100, 2N4878, 2N4879, 2N4880 

















2N4044, 2N4045, 2N4100, 2N4878, 2N4879, 2N4880 


^DIFiSinii^DIL 


2N4044, 2N4045, 2N4100, 2N4878, 
2N4879, 2N4880 


SMALL SIGNAL CHARACTERISTICS (Ta = 25^0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Typical 

Value 

Units 

h|b 

Input Resistance 

lc=1mA,VcB = 5V (Note 4) 

28 

n 

hfb 

Voltage Feedback Ratio 

43 

CO 

I 

o 

X 

hfe 

Small Signal Current Gain 

Iq = 1 mA, Vqe = 5V (Note 4) 

• 

250 


hob 

Output Conductance 

60 

juS 

h|e 

Input Resistance 

9.6 

kft 

hre 

Voltage Feedback Ratio 

42 

xlO-3 

hoe 

Output Conductance 

12 

juiS 


NOTES: 1. Per transistor. 

2. The reverse base-emitter voltage must never exceed 7.0 volts and the reverse base-emitter current must never exceed lO^-A. 

3. The lowest of two hpE readings is taken as hpE.| for purposes of this ratio. 

4. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4091-2N4093 JAN, 
JANTX% JTXV 

ITE4091-ITE4093 

N-Channel JFET Switch 



FEATURES 

• Low rDS(on) 

• lD(OFF)<100pA (JAN TX Types) 

• Fast Switching 

PIN CONFIGURATIONS 



ORDERING INFORMATION 


TO-92 

TO-18t 

ITE 4091 

2N4091 

ITE 4092 

2N4092 

ITE 4093 

2N4093 


t add JANTX to these part numbers if JANTX processing is desired. 


ABSOLUTE MAXIMUM RATINGS 


(Ta= 25"C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage.-40V 

Gate Current.10mA 

Storage Temperature Range.-65“Cto +200'’C 

Operating Temperature Range.-55*C to+200*0 

Lead Temperature (Soldering, lOsec) .+300*C 

TO-18 TO-92 

Power Dissipation .. 1.8W 360mW 

Derate above 25*C 10mW/*C 3.3mW/*C 

Plastic 

Storage .-55*Cto+150*C 

Operating .-55*Cto+135*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

2N/iTE 

4091 

2N/ITE 

4092 

2N/ITE 

4093 

Units 





Min 

Max 

Min 

Max 

Min 

Max 


BVgsS 

Gate-Source Breakdown Voltage 

Ig= -1]u-A, Vds = 0 

-40 


-40 


-40 


V 

•dgo 

Drain Reverse Current 

Vdg = 20V, Is = 0 


200 


200 


200 

pA 


(Not JANTX Specified) 


Ta=150*C 


400 


400 


400 

nA 

•gss 

Gate Reverse Current 

Vgs=-20V, Vds = 0 


-100 


-100 


-100 

pA 


(JANTX, ITE devices only) 


Ta=150*C 


-200 


-200 


-200 

nA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4091-2N4093 JAN, JANTX*, JTXV, ITE4091-ITE4093 












2N4091-2114093 JAN, JANTX% JTXV, ITE4091-ITE4093 


2N4091-2H4093 JAN, JANTX% JTXV, raifeii^DIL 

ITE4091-ITE4093 

ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25*^0 unless otherwise specified) 








2N/ITE 

2N/iTE 

2N/iTE 


Symbol 

Parameter 


Test Conditions 


4091 

4092 

4093 

Units 







Min 

Max 

Min 

Max 

Min 

Max 


•d(OFF) 

Drain Cutoff Current 

JANTX 

Vds = 20V 

Vgs=-12V(4091) 

Ta=25“C 


100 


100 


100 




JAN, JTXV 


Vgs= -8V(4092) 
Vgs= -6V(4093) 





QQI 


1^9 

pA 



JANTX 


Ta=150“C 


200 








JAN, JTXV 







OS 


400 

nA 

Vp 

Gate-Source Pinch-Off Voltage 

Vds = 20V, lD=1nA 

-5 

-10 

-2 

-7 

^1 

-5 

D 

•dss 

Drain Current at Zero Gate 

Vds = 20V, Vgs=0, 


30 





■ 



Voltage 


Pulse Test Duraton=2ms 




■ 

VdS(ON) 

Drain-Source ON Voltage 

Vqs^O 

Id = 2.5mA 






0.2 






Id= 4mA 




0.2 



V 





Id = 6.6mA 


0.2 






rDSCon) 

Static Drain-Source 

ON Resistance 

Vgs = 0. 

= 1mA 



30 


50 


80 


''ds(on) 

Static Drain Source 

ON Resistance 

Vgs=o. b 

= 0,f=1kHz 



30 


50 


80 

n 

Qss 

Common-Source Input 
Capacitance 

Vds = 20V, VGS = 0,f= 1MHz 



16 


16 


16 


Crss 

JANTX Only 

(Note 1) 




5 


5 


5 

PF 


Common-Source 


Vds = 0, Vgs= -20V, f = 1MHz 



5 


5 


5 



Reverse Transfer Capacitance 

(Note 1) 










td(ON) 

Turn-ON Delay Time (Note 1) 

Vdd = 3V, Vgd(ON) = 0 



15 


15 


20 


tr 

Rise Time (Note 1) 


•□(on) VGS(off) 

Ri 


10 


20 


40 

ns 

toff 

Turn-OFF Time (Note 1) 

4091 

6.6mA -12V 

425a 


40 


60 


80 





4092 

4mA -8V 

700n 











4093 

2.5mA -6V 

ii2oa 









NOTE 1. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4117-2N4119, 

2N4117A-2N4119A 

N-Channel JFET 
General Purpose Amplifier 



FEATURES 


ABSOLUTE MAXIMUM RATINGS 


• Low Leakage 

• Low Capacitance 

PIN CONFIGURATION 



(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage .-40V 

Gate Current.50mA 

Storage Temperature Range.-65“Cto +200“C 

Operating Temperature Range.— SS^Cto+175°C 

Lead Temperature (Soldering, 10sec) .+300'’C 

Power Dissipation. 300mW 

Derate above 25®C .2.0mW/*C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 

2N4117 

2N4117A 

2N4118 

2N4118A 

2N4119 

2N4119A 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N4117 

2N4117A 

2N4118 

2N4118A 

2N4119 

2N4119A 

Units 





Min 

Max 

Min 

Max 

Min 

Max 


BVqsS 

Gate-Source Breakdown Voltage 

•g= ""VA, Vds = 0 

-40 


-40 


-40 


V 

loss 

Gate Reverse Current 




-10 


-10 


-10 

pA 


1 A devices 

Vgs=-20V, Vds = 0 


-1 


-1 


-1 




Ta= + ISO^C 


-25 


-25 


-25 

nA 


1 A devices 



-2.5 


-2.5 


-2.5 

VQSfoff) 

Gate-Source Pinch-Off Voltage 

Vds= 10V. lD=1nA 

-0.6 

-1.8 

-1 

-3 

-2 

-6 

V 

loss 

Drain Current at Zero Gate 

Voltage (Note 1) 

Vds=10V 

Vgs = 0 

0.02 

0.09 

0.08 

0.24 

0.20 

0.60 

mA 

9fs 

Common-Source Forward 
Transconductance (Note 1) 

Vds=10V 

f=1kHz 

70 

210 

80 



330 


9fs 

Common-Source Forward 
Transconductance (Note 2) 

VGS = 0,f = 30MHz 

60 


70 


90 


fxs 

9os 

Common-Source Output 

Conductance 

Vds=10V, Vgs = 0, 
f=1kHz 


3 




10 


Cjss 

Common-Source Input 

Capacitance (Note 2) 

Vds=10V, Vgs = 0, 
f=1MHz 


3 


3 


3 

PF 

Crss 

Common-Source Reverse 

Transfer Capacitance (Note 2) 

Vds=10V, Vgs = 0. 
f=1MHz 


1.5 


1.5 


1.5 


NOTES: 1. Pulse test: Pulse duration of 2ms used during test. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4117-2N4119, 2N4117A-2N4119A 
















2N4220-2N4222 


2114220-2N4222 

N-Channel JFET 

General Purpose Amplifier/Switch 



FEATURES 

• Cr8s'^2pF 

• Moderately High Forward Transconductance 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage.-30V 

Gate Current.10mA 

Storage Temperature Range.-OS^Cto +200®C 

Operating Temperature Range.-55®Cto 

Lead Temperature (Soldering, lOsec) .^-SOO^C 

Power Dissipation. 300mW 

Derate above 25*0 .2.0mW/*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 


2N4220 


2N4221 


2N4222 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 



Parameter 

Test Conditions 

2N4220 

2N4221 

2N4222 







^^3 

Iqss 

Gate Reverse Current 

Vgs=-15V, Vds = 0 



-0.1 


-0.1 



HZS 

Ta=150°C 


-0.1 




Bll 

BEI 

BVqss 

Gate-Source Breakdown Voltage 

|q= -lOjLtA, Vqs = 0 

-30 






B 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds=15V. lD = 0.1nA 


Bl 




B 

Vgs 

Gate-Source Voltage 

Vds=15V 

lD = 50jLiA(2N4220) 
lD = 200jLiA(2N4221) 

Id = 500jliA (2N4222) 

-0.5 

-2.5 

-1 

-5 

-2 

-6 

D 


Saturation Drain Current (Note 1) 

Vds=15V,Vgs=0 


3 

2 

6 

wm 


IDSI 

Ofs 

Common-Source Forward 
Transconductance (Note 1) 

Vds=15V.Vgs = 0 

f=1kHz 

1000 

4000 

2000 

5000 

2500 


1 

lyfsi 

Common-Source Forward 
Transadmittance (Note 2) 

f= 100MHz 

750 


750 


750 


9os 

Common-Source Output 

Conductance (Note 1) 

f=1kHz 


10 


20 


40 

Cjss 

Common-Source Input 

Capacitance (Note 2) 

f=1MHz 


6 


6 


6 

■ 

Crss 

Common-Source Reverse 

Transfer Capacitance (Note 2) 


2 


2 


2 


NOTES: 1. Pulse test duration 2ms. 

2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4223, 2N4224 

N-Channel JFET 
High Frequency Amplifier 

FEATURES 

• NF = 3dB Typical at 200MHz 

• Crss<2pF 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage .-30V 

Gate Current.10mA 

Storage Temperature Range.-65°Cto +200“C 

Operating Temperature Range.-55®C to +175“C 

Lead Temperature (Soldering, lOsec) .+300°C 

Power Dissipation. 300mW 

Derate above 25“C .2.0mW/“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 


2N4223 


2N4224 


ELECTRICAL CHARACTERISTICS (Ta = 25'’C unless otherwise specified) 



Parameter 

Test Conditions 


2N4223 

2N4224 

Units 




Min 

Max 

Min 

Max 

loss 

Gate Reverse Current 

Vgs= -20 V, Vqs 

= 0 



-0.25 


-0.5 

nA 





Ta= +150®C 


-0.25 


-0.5 

fxA 

BVqss 

Gate-Source Breakdown Voltage 

lG=-10|aA, Vds = 

= 0 


-30 


-30 



VGS(off) 

Gate-Source Cutoff Voltage 


lD=0.25nA(2N4223) 

lD=0.5nA(2N4224) 

-0.1 

-8 

-0.1 

-8 

V 

Vqs 

Gate-Source Voltage 

Vds=15V 

Id= 0.3mA (2N4223) 

Id= 0.2mA (2N4224) 

-1.0 

-7.0 

-1.0 

-7.5 


loss 

Saturation Drain Current (Note 1) 

Vds=15V. Vgs = 

0 


3 

18 

2 

20 

mA 

9fs 

Common-Source Forward 
Transconductance (Note 1) 

Vds=15V, Vgs = 

0 

f=1kHz 

3000 

7000 

2000 

7500 

JU.S 

Cjss 

Common-Source Input 

Capacitance (Output Shorted) 

Vds = 15V,Vgs = 

0 

f=1MHz 


6 


6 

PF 

Crss 

Common-Source Reverse 

Transfer Capacitance 

(Note 2) 



2 


2 


IVfsl 

Common-Source Forward 
Transadmittance 




2700 


1700 



9iss 

Common-Source Input 

Conductance (Output Shorted) 

Vds=15V. Vgs=' 
(Note 2) 

0 



800 


800 

JLlS 

9oss 

Common-Source Output 

Conductance (Input Shorted) 


f= 200MHz 


200 


200 


Qps 

Small Signal Power Gain 




10 





NF 

Noise Figure (Note 2) 

Vds=15V, Vgs=' 
i^gen — 1 

0. 



5 



dB 


NOTES: 1. Pulse test, duration 2ms. 

2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4338-2N4341 


2N4338-2N4341 

N-Channel JFET 
Low Noise Amplifier 


FEATURES 

• Exceptionally High Figure of Merit 

• Radiation Immunity 

• Extremely Low Noise and Capacitance 

• High input Impedance 

APPLICATIONS 

• Low-levei Choppers 

• Data Switches 

• Multiplexers and Low Noise Amplifiers 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage.-50V 

Gate Current.50mA 

Storage Temperature Range.-65‘’Cto +200‘’C 

Operating Temperature Range .-55'*Cto+175“C 

Lead Temperature (Soldering, 10sec) .+300'*C 

Power Dissipation. 300mW 

Derate above 25‘’C .2.0mW/"C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-18 


2N4338 


2N4339 


2N4340 


2N4341 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

2N4338 

2N4339 

2N4340 

2N4341 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Iqss 

Gate Reverse Current 

Vgs=-30V, Vds = 0 


Hifl 


BED 


Mill 


-0.1 


Ta = 150'’C 


H3H 


BD 

_ 



BBI 

m 

BVqss 

Gate-Source Breakdown Voltage 

Ig= -IjnA, Vds = 0 

-50 




[[ 1^9 


BE9I 


B 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 15V, lD = 0.1ju.A 

-0.3 

LJ-1 

-0.6 

-1.8 

-1 

-3 

m 

IBS' 

iD(off) 

Drain Cutoff Current 

Vds=15V, 

Vgs=() 






0.05 

(-5) 



Ryy 

mm 

loss 

Saturation Drain Current (Note 2) 

Vds=15V,Vgs = 0 

0.2 

0.6 

0.5 

1.5 

1.2 

3.6 

3 

9 


Qfs 

Common-Source Forward 
Transconductance (Note 2) 

Vds=15V.Vgs = 0 

f=1kHz 

600 

1800 

800 

2400 

1300 

3000 

2000 

4000 

B 

9os 

Common-Source Output 
Conductance 


5 


15 


30 


60 

rDSfon) 

Drain-Source ON Resistance 

Vds^'O. Ids “O 


2500 


1700 


1500 


800 

BQQI 

Cjss 

Common-Source Input 

Capacitance 

Vds=15V, Vgs = o 
(N ote 1) 

f=1MHz 


7 


7 


7 


B 

1 

Cfss 

Common-Source Reverse 

Transfer Capacitance 


3 

■ 

B 


3 


3 

NF 

Noise Figure (Note 1) 

Vds = 15V,Vgs = 0 

Rgen=1meg, 

BW = 200H2 

f=1kHz 


1 

■ 

■ 

1 

■ 

1 

■ 

■ 


NOTE 1: For design reference only, not 100% tested. 

2: Pulse test duration 2 ms (non-JEDEC Condition). 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 10-24 
















2N4351 

N-Channel Enhancement Mode 
MOSFET General Purpose 
Amplifier/Switch 



FEATURES 

• Low ON Resistance 

• Low Capacitance 

• High Gain 

• High Gate Breakdown Voltage 

• Low Threshold Voltage 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

(Ta=25'’C unless othenA/ise noted) 

Drain-Source Voltage or Drain-Body Voltage .25V 


Peak Gate-Source Voltage (Note 1 j.±125V 

Drain Current .100mA 

Storage Temperature Range.-65®Cto +200“C 

Operating Temperature Range.- 55®C to +1 SO^C 

Lead Temperature (Soldering, 10sec) .+300®C 

Power Dissipation . 375mW 

Derate above 25‘’C .3mW/*C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings oniy 
and functionai operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
impiied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 

2N4351 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) Substrate connected to source. 


Symboi 

Parameter 

Test Conditions 

Min 

Max 

Units 

bvdss 

Drain-Source Breakdown Voltage 

lD = 10jaA, Vgs = 0 

25 


V 

Iqss 

Gate Leakage Current 

Vgs=±30V, Vds = 0 


10 

pA 

•dss 

Zero-Gate-Voltage Drain Current 

Vds=10V,Vgs = 0 


10 

nA 

VGS(th) 

Gate-Source Threshold Voltage 

Vds=10V, Id=10jliA 

1 

5 

V 

iD(on) 

‘ON’ Drain Current 

Vgs=10V, Vds=10V 

3 


mA 

VDS(on) 

Drain-Source “ON” Voltage 

Id = 2mA, Vgs=10V 


1 

V 

fDSCon) 

Drain-Source Resistance 

Vgs=10V, lD = 0,f=1kHz 


300 

ohms 

IVfsl 

Forward Transfer Admittance 

Vds = 1 OV. Id = 2mA, f = 1 kHz 

1000 


fXS 

Crss 

Reverse Transfer Capacitance 
(Note 2) 

Vds = 0, VGS = 0,f=1MHz 


1.3 

pF 

Ciss 

Input Capacitance (Note 2) 

Vds=10V, VGS = 0,f=1MHz 


5.0 

Cd(sub) 

Drain-Substrate Capacitance (Note 2) 

Vd(SUB)”‘*0V, f=1MHz 


5.0 

fd(on) 

Turn-On Delay (Note 2) 

Switchino Times Test Circuit 

45 

ns 

tr 

Rise Time (Note 2) 

^*** [jfso 3 .DUTVCVCLfa < 


65 

td(off) 

Turn-Off Delay (Note 2) 


60 

tf 

Fall Time (Note 2) 


100 


NOTES: 1. Device must not be tested at ±125V more than once or longer than 300ms. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4351 


















2N4391-2N4393, ITE4391-ITE4393 


2N4391-2N4393, 

ITE4391-ITE4393 

N-Channel JFET Switch 



FEATURES 

• •'ds(on)<300 Ohms (2N4391) 

• lD(OFF)<100pA 

• Switches ± 10VAC With ± 15V Supplies (2N4392, 
2N4393) 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage.-40V 

Gate Current .10mA 

Storage Temperature Range.-65“Cto +200®C 

Operating Temperature Range.-55“C to+200‘’C 

Lead Temperature (Soldering, lOsec) .^SOO^C 

TO-18 TO-92 

Power Dissipation .. 1.8W 360mW 

Derate above 25"C 10mW/"C 3.3mW/“C 


Plastic 

Storage . - 55“C to +150°C 

Operating. - 55“C to +135“C 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 


TO-92 

TO-18 

ITE 4391 

2N4391 

ITE 4392 

2N4392 

ITE 4393 

2N4393 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


Symboi 

Parameter 


4391 

4392 

4393 

Units 




Min 

Max 

Min 

Max 

Min 

Max 

Iqss 

Gate Reverse Current 

Vgs=-20V.Vds=0 



-100 


-100 


-100 

pA 





Ta^ISO-’C 


-200 


-200 


-200 

nA 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= - VA, Vds=o 

-40 


-40 


-40 


V 

iD(off) 

Drain Cutoff Current 

Vds==20V 

Vgs= -5V (4393) 
Vgs=-7V(4392) 


100 


100 


100 

pA 




Vgs=-12V (4391) 


200 


200 


200 

nA 





Ta=150'’C 




VGS(f) 

Gate-Source Forward Voltage 

lG = 1mA, Vds = 0 


1 


1 


1 

V 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 20V, lD=1nA 

-4 

-10 

-2 

-5 

-0.5 

-3 


•dss 

Saturation Drain Current (Note 1) 

Vds = 20V, Vgs = 0 

50 

150 

25 

75 

5 

30 

mA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4391-2N4393, ITE4391-ITE4393 raBtjfUli^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25“C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

4391 

4392 

4393 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

VDS(on) 

Drain-Source ON Voltage 

Vgs = 0 

Id = 3mA (4393) 

Id= 6mA (4392) 

Id = 12mA (4391) 


0.4 


0.4 


0.4 

V 

rDS(on) 

Static Drain-Source ON Resistance 



30 


60 


100 

n 

•"dston) 

Drain-Source ON Resistance 

Id = 0 

f=1kH2 


30 


60 


100 

Qss 

Common-Source Input Capacitance 
(Note 2) 

Vds = 20V.Vgs = 0 

f=1MHz 


14 


14 


14 

PF 

Crss 

Common-Source Reverse Transfer 
Capacitance (Note 2) 

V0S = O 

Vgs=-5V 






3.5 

< 

Q 

CO 

II 

1 

< 




3.5 



Vgs=-12V 


3.5 





td 

Turn-ON Delay Time (Note 2) 

Vdd = 10V, VGS(on) = 0 


15 


15 


15 

ns 

tr 

Rise Time (Note 2) 

4391 

iD(on) VGS(off) 


5 


5 


5 

toff 

Turn-OFF Delay Time (Note 2) 

12mA -12V 


20 


35 


50 

tf 

Fall Time (Note 2) 

4392 6 -7 

4393 3 -5 


15 


20 


30 


NOTES: 1. Pulse test required, pulse width = 300jxs, duty cycle:S3%. 
2. For design reference only, not 100% tested. 


Switching Times Test Circuit 



0217-3 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY AF^TICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4391-2N4393, ITE4391-ITE4393 




2N4416/A, ITE4416 


2N4416/A, ITE4416 

N-Channel JFET 
High Frequency Amplifier 

FEATURES 

• Low Noise 

• Low Feedback Capacitance 

• Low Output Capacitance 

• High Transconductance 

• High Power Gain 

PIN CONFIGURATIONS 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25'’C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage 

2N4416, ITE4416 .-30V 

2N4416A.-35V 

Gate Current.10mA 

Storage Temperature Range 

2N4416/2N4416A.-65“Cto +200"C 

ITE4416 .-55°C +150°C 

Operating Temperature Range 

2N4416/2N4416A.-65°Cto +200"C 

ITE4416 .-55°Cto +135"C 

Lead Temperature (Soldering, lOsec) .+300^0 

Power Dissipation. 300mW 

Derate above 25‘’C . 

2N4416/2N4416A.1.7mWrC 

ITE4416.2.7mW/'’C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 


TO-92 

TO-72 

ITE 4416 

2N4416 

— 

2N4416A 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

less 

Gate Reverse Current 

Vgs=-20V, Vds = 0 



-0.1 

nA 

Ta=150'C 


-0.1 

juA 

BVqsS 

Gate-Source Breakdown Voltage 

2N4416/ITE4416 

•G” "Im-A, Vds = 0 

-30 


V 

2N4416A 

-35 


VGS(off) 

Gate-Source Cutoff Voltage 

2N4416/tTE4416 

Vds= 15V, lD=1nA 


-6 

2N4416A 

-2.5 

-6 

VGS(f) 

Gate-Source Forward Voltage 


lG = 1mA, Vds=0 


1 

V 

loss 

Drain Current at Zero Gate Voltage 

Vds=15V, Vgs = 0 

f=1kHz 

5 

15 

mA 

gfs 

Common-Source Forward Transconductance 

4500 

7500 

fiS 

Qos 

Common-Source Output Conductance 


50 

fJLS 

Crss 

Common-Source Reverse Transfer Capacitance 
(Note 1) 

f=1MHz 


0.8 

PF 

Cjss 

Common-Source Input Capacitance (Note 1) 


4 

PF 

Cqss 

Common-Source Output Capacitance (Note 1) 


2 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4416/A, ITE4416 ^flim^fllL 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

100MHz 

400MHz 

Units 

Min 

Max 

Min 

Max 

9iss 

Common-Source Input Conductance 

Vds= 15V. VGS=0(Note1) 


100 


1000 

juS 

biss 

Common-Source Input Susceptance 


2500 


10,000 

9oss 

Common-Source Output 

Conductance 


75 


100 

boss 

Common-Source Output 

Susceptance 


1000 


4000 

9fs 

Common-Source Forward 
Transconductance 



4000 


Gps 

Common-Source Power Gain 

Vds = 1 5V, Id =5mA (Note 1 ) 

18 


10 


dB 

NF 

Noise Figure (Note 1) 

Vds = 1 5V, Id =5mA, Rq = 1 kft 


2 


4 


NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4416/A, ITE4416 



2N4856»2li4861, JAN, JTX, JTXV 


2N4856-2N4861, 

JAN, JTX, JTXV 

N-Channel JFET Switch 



FEATURES 

• Low rDS(on) 

• lD(off)<250pA 

• Switches ± 10V Signals With ± 1SV Supplies (2N4858, 
2N4861) 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25*C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage 

2N4856-58 .-40V 

2N4859-61 .-30V 

Gate Current.50mA 

Storage Temperature Range.-65‘’Cto +200®C 

Operating Temperature Range.- 55“C to + 200*0 

Led Temperature (Soldering, 10sec) .+300*C 

Power Dissipation .1.8W 

Derate above 25*C .10mW/*C 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-18 

2N4856t 

2N4857t 

2N4858t 

2N4859 

2N4860 

2N4861 


tadd JAN, JTX, JTXV, to basic part number to specify these devices. 


ELECTRICAL CHARACTERISTICS (Ta = 26*C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N4856 

2N4857 

2N4858 

2N4859 

2N4860 

2N4861 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

BVqsS 

Gate-Source 
Breakdown Voltage 

2N4856-58 

lG=-1p,A. Vds = 0 

-40 


-40 


-40 


-40 


-40 


-40 


V 

2N4859-61 

-30 


-30 


-30 


-30 


-30 


-30 


Iqss 

Gate Reverse Current 

Vgs= -20V, Vds = 0 


-0.25 


-0.25 


-0.25 







nA 

Vgs=-20V, Vds = 0 
Ta=150"C 


-0.5 


-0.5 


-0.5 







fxA 

Vgs= -15V, Vds = 0 








-0.25 


-0.25 


-0.25 

nA 

Vgs=-15V, Vds=0 
Ta=150"C 








-0.5 


-0.5 


-0.5 

nA 

•D(ofO 

Drain Cutoff Current 

Vds=15V, Vgs=-iov 


250 


250 


250 


250 


250 


250 

pA 

Ta=150“C 


500 


500 


500 


500 


500 


500 

nA 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds= 15V, lD=0.5nA 

-4 

-10 

-2 

-6 

-0.8 

-4 

-4 

-10 

-2 

-6 

-0.8 

-4 

V 

loss 

Saturation Drain Current 
(Note 1) 

Vds=15V, Vgs = 0 

50 


20 

100 

8 

80 

50 


20 

100 

8 

80 

mA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N4856-2N4861, JAN, JTX, JTXV Mim^OIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25°C unless otherwise specified) 


Symbol 

Parameter 

— 

Test Conditions 

2N4856 

2N4857 

2N4858 

2N4859 

2N4860 

2N4861 

Units 


Max 

Min 

Max 

Min 

Max 

IBB 

Max 

Min 


CIS 


VDS(on) 

Drain-Source ON Voltage 

VgS = 0. Id = () 


fml 


0.50 

(10) 

1 


1 


1 

BBI 

1 

l§l 


rds(on) 

Drain-Source ON Resistance 

CO 

II 

p 

6* 

li 

o 

f=1kHz 


25 


40 

■ 

1^ 

■ 


■ 

ig 

■ 

13 


Cjss 

Common-Source Input 
Capacitance 

Vds=o. Vgs=-10V 

(Note 2) 

f=1MHz 


18 


18 


18 


18 


18 


B 

PF 

Crss 

Common-Source Reverse 
Transfer Capacitance 


8 


8 


8 


8 


8 

1 

B 

■ 

Turn-ON Delay Time (Note 2) 

464(1 (2N4856.59) 
Vdd = 1 OV. Rl = 953(1 (2N4857,60) 
VGS(on) = 0 191 on (2N4858,61) 

VGS(off) = - 10V, Id= 20 mA (2N4856,9) 
VGS(off)= -6V. Id = 10mA (2N4857,60) 
VGS(off)= -4V, Id= 5mA (2N4858.61) 


6 


6 


10 



1 

B 

1 

B 


■ 



3 


4 


10 


D 

1 

B 

1 





25 


50 


100 


25 

1 


1 



NOTES: 1. Pulse test required, pulse width = 100p,s, duty cycle ^10%. 
2. For design reference only, not 100% tested. 


Voo 



INPUT PULSE 


SAMPLING SCOPE 


Rise Time 

0.25 ns 

Rise Time 

0.75 ns 

Fall Time 

0.75 ns 

Input Resistance 

1 Mn 

Pulse Width 

100 ns 

Input Capacitance 

2.5 pF 

Pulse Duty Cycle 

< 100% 




Figure 1: Switching Times Test Circuit 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-31 


2N4856-2N4861, JAN, JTX, JTXV 









2N4867/A-2N4869/A 


2N4867/A -2N4869/A 

N-Channel JFET 
Low Noise Amplifier 

FEATURES 

• Low Noise Voltage 

• Low Leakage 

• High Gain 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25‘’C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage .-40V 

Gate Current.50mA 

Storage Temperature Range.-65®Cto +200®C 

Operating Temperature Range.-SS^Cto+200“C 

Lead Temperature (Soldering, 10sec) .+300°C 

Power Dissipation . 300mW 

Derate above 25“C .1.7mW/®C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 

2N4867 

2N4867A 

2N4868 

2N4868A 

2N4869 

2N4869A 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N4867 

2N4867A 

2N4868 

2N4868A 

2N4869 

2N4869A 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

less 

Gate Reverse Current 

Vgs= -30V, Vds = 0 







BI^ 


Ta=150“C 








BVqss 

Gate-Source Breakdown Voltage 

Iq= -IjnA, Vds = 0 

^^3 







VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 20V, lD=1jxA 

-0.7 

-2 

-1 

-3 

-1.8 

-5 

less 

Saturation Drain Current (Note 1) 

Vds = 20V, Vgs = 0 

0.4 

1.2 

1 

3 

2.5 

7.5 

mA 

gts 

Common-Source Forward 
Transconductance (Note 1) 

Vds = 20V, Vgs = 0 

f=1kHz 

700 

2000 

1000 

3000 

1300 

4000 

jixS 

Oos 

Common-Source Output 
Conductance 


1.5 


4 


10 

Crss 

Common-Source Reverse 

Transfer Capacitance (Note 2) 

f=1MHz 


5 


5 


5 

PF 

Cjss 

Common-Source Input 

Capacitance (Note 2) 


25 


25 


25 

®n 

Short Circuit Equivalent Input 

Noise Voltage 
(Note 2) 

Vds=10V. 

Vgs = 0 

N 

X 

o 

II 


20 


20 


20 

nV 

VFE 

f=1kHz 


10 


10 


10 

A devices 

f=10Hz 


10 


10 


10 

f=1kHz 


5 


5 


5 

NF 

Spot Noise Figure (Note 2) 

Vds= 10V, Vgs = 0 

Rgen = 20K, (2N4867 Series) 
Rgen = 5K, (2N4867A Series) 

f=1kHz 


1 


1 


1 

dB 


NOTES: 1. Pulse test duration=2ms. 


2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5018, 2N5019 

P-Channel JFET Switch 

FEATURES 

• Low Insertion Loss 

• No Offset or Error Voltages Generated By Closed 
Switch 

• Purely Resistive 

PIN CONFIGURATION 



APPLICATIONS 

• Analog Switches 

• Commutators 

• Choppers 

ABSOLUTE MAXIMUM RATINGS 

(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.30V 

Gate Current.50mA 

Storage Temperature Range.-65“Cto +200“C 

Operating Temperature Range.-55“Cto+200®C 

Lead Temperature (Soldering, 10sec) .+300‘’C 

Power Dissipation . 500mW 

Derate above 25''C .3mW/®C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION^ 

TO-18 

2N5018 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 


Symbol Parameter Test Conditions r 


BVqss Gate-Source Breakdown 
Voltage 


Iqss Gat® Reverse Current 

iD(off) Drain Cutoff Current 

Idgo Drain Reverse Current 


VGS(off) Gate-Source Cutoff 
Voltage 

loss Saturation Drain Current 

VDS(on) Drain-Source 
ON Voltage 

rds(on) Static Drain-Source 

ON Resistance 


rcls(on) Drain-Source 
ON Resistance 



Min Max 

Ig = VA, Vds = 0 

30 

Vgs = 15V. Vds = 0 

2 

Vds=-15V, Vgs=12V(2N5018) 

-10 

Vgs=7V(2N5019) T;,=150«C 

-10 

Vdg=-15V, Is = 0 

-2 

Ta=150"C 

-3 

Vds=- 15V, lD=-1jixA 

10 


Vds=-20V, Vgs=0 _ 

Vgs = 0. Id= -6mA (2N5018), 
_ lD=-3mA (2N5019) 

Id= -1mA, Vgs = 0 


Id=o,Vgs=o 



Cjss 

Common-Source Input 
Capacitance (Note 1) 

Vds=-15V, Vgs=0 

Crss 

Common-Source Reserve 
Transfer Capacitance (Note 1) 

Vds = 0, Vgs = 12V (2N5018), 

Vgs = 7V (2N5019) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 10-33 


2N5018, 2N5019 




















2N5018, 2N5019 


2N5018, 2N5019 


^DIFjfinii^DIL 


ELECTRICAL CHARACTERISTICS (Continued)(TA = 25°C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N5018 

2N5019 

Units 

Min 

Max 

Min 

Max 

td(on) 

Turn-ON Delay Time (Note 1) 

Vdd= ~6V, VGS(on) = 0 

VGS(off) iD(on) Rl 


15 


15 

ns 

tr 

Rise Time (Note 1) 


20 


75 

td(off) 

Turn-off Delay Time (Note 1) 

2N5018 12V -6mA 9100 

2N5019 7V -3mA 1.8kO 


15 


25 

tf 

Fall Time (Note 1) 


50 


100 


NOTES: 1. For design reference only, not 100% tested. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


/VOTE: AH typical values have been characterized but are not tested. 
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2N5114-2ii5116, 

JAK, JTX, JTXV 

P-Channel JFET Switch 



GENERAL DESCRIPTION 


ABSOLUTE MAXIMUM RATINGS 


Ideal for inverting switching or “Virtual Gnd” switching 
into inverting input of Op. Amp. No driver is required and 
± 10VAC signals can be handled using only + 5V logic (TTL 
or CMOS). 

FEATURES 

• Low ON Resistance 

• •D(off)<500pA 

• Switches directiy from TTL Logic 

PIN CONFIGURATION 



(Ta= 25'’C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage .30V 

Gate Current.50mA 

Storage Temperature Range.-65“Cto ^-aoO^C 

Operating Temperature Range.- 55“C to + 200‘’C 

Lead Temperature (Soldering, lOsec) .+300‘’C 

Power Dissipation. 500mW 

Derate above 25‘’C .3mW/®C 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TOISt 

2N5114 

2N5115 

2N5116 


tadd JAN, JTX, JTXV to basic part number to specify these devices. 


SWITCHING CHARACTERISTICS (Ta = 25'’C unless otherwise specified) 



Parameter 

2N5114 

2N5115 

2N5116 

JAN TX 
2N5114 

JAN TX 
2N55115 

JAN TX 
2N5116 


Max 

Max 

Max 

Max 

Max 

Max 

td 

Turn-ON Delay Time 

6 

10 

12 

6 

10 

25 

ns 

tr 

Rise Time (Note 2) 

10 

20 

30 

10 

20 

35 


Turn-OFF Delay Time (Note 2) 

6 

8 

10 

6 

8 

20 

tf 


15 

30 

50 

15 

30 

60 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N5114 

2N5115 

2N5116 


I3H 


ITIBl 

Max 

U3I 


BVqsS 

Gate-Source Breakdown Voltage 

lG=1jLtA, Vds = 0 

30 




103 


V 

•gss 

Gate Reverse Current 








pA 







1.0 

juiA 

•□(off) 

Drain Cutoff Current 

Vds=-15V 

Vgs=12V (2N5114) 

Vgs=7V (2N5115) 

Vgs = 5V (2N5116) 




IBE9 



pA 

1 


1 


1 



Vp 

Gate-Source Pinch-Off Voltage 

Vds=- 15V, lD=-1nA 

5 

10 


6 

1 

Kl 

V 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5114-2N5116, JAN, JTX, JTXV 



















































2N5114-2N5116, JAN, JTX, JTXV 

ELECTRICAL CHARACTERISTICS (Ta = 25‘*C unless otherwise specified) (Continued) 



Drain Current at Zero Gate Voltage 
(Note 1) 


Test Conditions 


Vgs=o 

Vds=-18V (2N5114) 
Vds=-15V(2N5115) 
VdS==-15V(2N5116) 


Drain-Source ON Voltage 

Vgs=0 

lD=-15mA(2N5114) 
lD=-7mA(2N5115) 
lD=-3mA (2N5116) 

Static Drain-Source ON Resistance 

< 

o 

CO 

II 

p 

o" 

II 

I 

3 

> 


''ds(on) 

Small-Signal Drain-Source ON 
Resistance | jx only 

Vgs= 0, lD=0,f=1kHz 


Cjss 

Common-Source Input 

Capacitance (Note 2) |janTXonly 

Vds=-15V. VGS = 0,f=1mHz 


Crss 

Common-Source Reverse 

Transfer Capacitance (Note 2) 

Vds = 0 

Vgs=12V(2N5114) 

VgS=7V(2N5115) 

Vgs = 5V(2N5116) 
f=1mHz 




NOTES: 1. Pulse test; duration = 2ms. 

2. For design reference only, not 100% tested. 


Test Conditions 


2N5114 

2N5115 

2N5116 

Vdd 

-10V 

-6V 

-6V 

VgG 

20V 

12V 

8V 

Rl 

430ft 

910ft 

2Kft 

Rg 

100ft 

220ft 

390ft 

Id(on) 

-15mA 

-7mA 

-3mA 

V|N 

-12V 

-7V 

-5V 


INPUI 

“Xio% ^ 



SAMPLING SCOPE 

RISE TIME 0.4 ns 
INPUT RESISTANCE 10 MQ 
INPUT CAPACITANCE 1.5 pF 



TYPICAL PERFORMANCE CHARACTERISTICS 


Vp vs rosfON 


Vp vs loss 


VpVS Qfs 







































2115117-2N5119 

Dielectrically Isolated Dual PNP 
General Purpose Amplifier 



ABSOLUTE MAXIMUM RATINGS 

(Ta= 25®C unless otherwise noted) 

Collector-Base or Collector-Emitter 

Voltage (Note 1).-45V 

Emitter-Base Voltage (Notes 1 and 2) .-7V 

Collector-Collector Voltage .100V 

Collector Current (Note 1) .10mA 

Storage Temperature Range.-65“Cto +200®C 

Operating Temperature Range .-55®Cto 4-l75®C 

Lead Temperature (Soldering, lOsec) .+300®C 

ONE SIDE BOTH SIDES 

Power Dissipation. 250mW 500mW 

Derate above 25"C. 1.67mW/“C 3.33mW/“C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiUty. 

ORDERING INFORMATION 


ELECTRICAL CHARACTERISTICS (Ta = 25*0 unless otherwise specified) 


Symbol 


Test Conditions 

2N5117 

2N5118 

2N5119 

Units 

IQQI 


I2QI 

109 

hFE 

DC Current Gain 

lc=10ixA,VcE = 5.0V 

100 


l^^ll 


■ 

lc = 500fLA,VcE = 5.0V 

100 




IC = 10p,A. VcE = 5.0V. Ta = - SS^C 

30 


109 


•CBO 

Collector Cutoff-Current 

Ie = 0. Vcb = 30V 


0.1 


■a 


I Ta=150“C 


ED 


EB 

ISi 

•ebo 

Emitter Cutoff Current 

lc = 0, Veb = 5.0V 


EO 


EB 


ICi-C2 

Collector-Collector Leakage 

Vcc=100V 




901 

Ea 

GBW 

Current Gain Bandwith Product (Note 4) 

lc = 500jnA,VcE=10V 



100 



Cob 

Output Capacitance (Note 4) 

Ie = 0. VcB = 5.0V.f=1MHz 


■a 


Ea 

PF 

Cte 

Emitter Transition Capacitance (Note 4) 

lc = 0, VEB = 0.5V,f=1MHz 


BQ 


EB 

Cci-C2 

Collector-Collector Capacitance (Note 4) 

Vcc = 0,f=1MHz 


■a 


Ea 


Collector-Emitter Sustaining Voltage 

lc = 1.0mA, Ib==0 

o 


■a 


V 

NF 

Narrow Band Noise Figure (Note 4) 

lc=10fiA,VcE = 5.0V f=1kHz,RG=10ka 

BW = 200Hz 




D 

dB 

BVcbo 

Collector Base Breakdown Voltage 

lc=10]u,A. Ie=0 

11 


o 


V 

BVebO 

Emitter Base Breakdown Voltage 

Ie=10juiA, Ic=0 

m 


m 




TO-78 

2N5117 

2N5118 

2N5119 


FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Good hpE Match 

• Tight Vbe Tracking 

• Dielectricaiiy Isolated Matched Pairs for Differential 
Amplifiers 

PIN CONFIGURATION 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5117-2N5119 










































2N5117-2N5119 


2N5117-2N5119 rami^OIL 


MATCHING CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

— 

Parameter 


2N5117 

2N5118 

2N5119 

Units 



n 

ES 

Min 

Max 

Min 

^5 

hpEi/hpEa 

DC Current Gain Ratio 

Ic = 1 OjllA to SOOjliA, Vce = 5V 

on 






■ 

(Note 3) 

lc=10jaA,VcE = 5.0V 




IQ 


m 

■ 

Vbei-Vbe2 

Base-Emitter Voltage 

Ic = 10/xA to SOOjaA, Vqe = 5V 

■ 

Blil 







Differential 

lc=1 OjllA, Vce = 5-0V 









Ibi-Ib2 

Base Current Differential 



|Q|j 


m 

■ 

Q 

QQI 

A(VbEi-VbE2)/AT 

Base Voltage Differential 
Change with Temperature 


TA=-55“CtO +125‘’C 


3.0 

1 

HQ 

1 

D 

IQJII 

A(Ibi-Ib2)/AT 

Base-Current Differential 
Change with Temperature 


TA=-55“Cto +125“C 

1 


■ 


1 

B 

on 


NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed 10ju,A. 

3. Lower of two hpE readings is defined as hpE-i • 

4. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5196-2N5199 

Dual N-Channel JFET 
General Purpose Amplifier 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

(Ta= 25*C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1) .-50V 


Gate Current (Note 1) .50mA 

Storage Temperature Range.-65"Cto +200“C 

Operating Temperature Range.-55°C to +150®C 

Lead Temperature (Soldering, 10sec) .+300'’C 


One Side Both Sides 

Power Dissipation (Ta= 85'’C) ... 250mW 500mW 

Derating. 2.6mW/‘*C 4.3mW/‘’C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

TO-71 

2N5196 

2N5197 

2N5198 

2N5199 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 




Gate Reverse Current 

Vgs=-30V.Vds = 0 



-25 

pA 

|H 





-50 

nA 


Gate-Source Breakdown Voltage 


-50 




Gate-Source Cutoff Voltage 

Vds = 20V. lD=1nA 

-0.7 

-4 


■91 

Gate-Source Voltage 

Vdg = 20V, Id = 200jliA 


-0.2 

-3.8 


Iq 

Gate Operating Current 




-15 

pA 




Ta=125“C 


-15 

nA 

•dss 

Saturation Drain Current (Note 2) 

Vds = 20V.Vgs=0 

0.7 

7 

mA 

9fs 

Common-Source Forward Transconductance (Note 2) 

Vds = 20V,Vgs = 0 

f=1kHz 

1000 

4000 


9fs 

Common-Source Forward Transconductance (Note 2) 

Vdg = 20V, Id = 200|iiA 


700 

1600 

jxS 

9os 

Common-Source Output Conductance (Note 2) 

Vds = 20V,Vgs = 0 



50 

9os 

Common-Source Output Conductance (Note 2) 

Vdg = 20V. Id = 200iliA 



4 


Cjss 

Common-Source Input Capacitance (Note 4) 

Vds = 20V.Vgs = 0 

f=1MHz 


6 

PF 

Crss 

Common-Source Reverse Transfer Capacitance 
(Note 4) 




2 

NF 

Spot Noise Figure (Note 4) 


f= 100Hz, 
RG=10Mn 


0.5 

dB 

in 

Equivalent Input Noise Voltage (Note 4) 


f==1kHz 


20 

nV 

a/Hz 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5196-2N5199 



















2N5196-2N5199 


2N5196-2N5199 ^DINnHli^DIL 


ELECTRICAL CHARACTERISTICS (Ta = 25*^0 unless otherwise specified) (Continued) 


Symbol 

Parameter 

Teat Conditions 

2N5196 

2N5197 

2N5198 

2N5199 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

|Ig1-IG2I 

Differentiai Gate Current 

Vdg = 20V. Id = 200jliA 
Ta=125*C 


5 


5 


5 


5 

nA 

IdSSi/IdSS2 

Saturation Drain Current Ratio 
(Note 2) 

Vds = 20V,Vgs = 0V 

0.95 

1 

0.95 

1 

0.95 

1 

0.95 

1 


9fsi/gfs2 

Transconductance Ratio 
(Note 2) 


f=1kHz 

0.97 

1 

0.97 

1 

0.95 

1 

0.95 

1 


|VgS1-VgS2I 

Differential Gate-Source Voltage 




5 


5 


10 


15 

mV 

a|Vgsi=Vgs2I 

AT 

Gate-Source Differential Voltage 
Change with Temperature 
(Note 3) 

Vdg = 20V, 
lD=200jiiA 

Ta=25‘’C 

Tb = 125“C 


5 


10 


20 


40 

juiV/^C 

Ta=-55'’C 
Tb = 25“C 


5 


10 


20 


40 

lgosi‘gos21 

Differential Output Conductance 

f=1kHz 


1 


1 


1 


1 

jaS 


NOTES: 1. Per transistor. 

2. Pulse test required, pulsewidth=300juis, duty cycle<3%. 

3. Measured at endpoints Ta and Tb- 

4. For design reference only, not 100% tested. 


INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5397, 2N5398 

N-Channel JFET 
High Frequency Amplifier 

FEATURES 

• Gps= 15dB Minimum (Common Gate) at 450MHz 

• Low Noise 

• Low Capacitance 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Drain-Gate Voltage .25V 

Drain-Source Voltage .25V 

Continuous Forward Gate Current .10mA 

Storage Temperature Range.-65“Cto +200'*C 

Operating Temperature Range.-55*Cto +150‘’C 

Lead Temperature (Soldering, lOsec) .+300®C 

Power Dissipation. 300mW 

Derate above 25'’C .2.4mW/'*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
impiied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 

ORDERING INFORMATION 


TO-72 

2NS397 

2N5398 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 


2N5397 

2N5398 



hbhi 

m 


IBTW 



Gate Reverse Current 

Vgs=-15V, Vds = 0 





0.1 

■Oil 







-0.1 

jitA 

BVqss 

Gate-Source Breakdown Voltage 

Vds = 0. 10= -‘IP'A 

-25 





VGS(off) 

Gate-Source Cutoff Voltage 

Vds= 10V. lD=1nA 


-6.0 





Saturation Drain Current (Note 1) 

Vds=10V, Vds = 0 

10. 

30 

5 

40 

mA 


Gate-Source Forward Voltage 

Vds=0. Ig = 1mA 


1 


1 


9fs 

Common-Source Forward 

Vds=10V, Id = 10mA 



10,000 





Transconductance (Note 1) 

Vds = 10V. Vgs = 0 




5500 

10,000 

fJiS 


Common-Source Output 

Vds=10V, Id = 10mA 






Conductance 

Vds= “lOV, Vgs-0 







Crss 

Common-Source Reverse Transfer 

Vds=10V, Id = 10mA 



1.2 





Capacitance (Note 2) 

Vds = 10V, Vgs = 0 

f=1MHz 





PF 

Ciss 

Common-Source Input Capacitance 

Vdg = 10V, Id = 10mA 


5.0 




(Note 2) 

Vds=10V, Vgs=o 





5.5 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized tKit are not tested. 
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2N5397, 2N5398 






























2N5397, 2N5398 


2N5397, 2N5398 




ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25‘’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N5397 

2N5398 

Units 

Min 

Max 

Min 

Max 

9iss 

Common-Source Input 

Conductance (Note 2) 

Vdg= 10V, Id= 10mA 

f=450MHz 


2000 



flS 

Vdg = 10V, Vgs = 0 




3000 

9oss 

Common-Source Output 

Conductance (Note 2) 

Vdg = 10V, Id = 10mA 


400 



Vds=10V, Vgs = 0 




500 

9fs 

Common-Source Forward 

Transconductance (Note 1, 2) 

Vdg=10V, Id = 10mA 

5500 

9000 



Vds=10V, Vgs = 0 



5000 

10,000 

Gps 

Common-Source Power Gain (neutralized) 

Vdg = 10V, Id = 10mA 
(Note 2) 

15 




dB 

NF 

Common-Source, Spot Noise 

Figure (neutralized) 


3.5 




NOTES: 1. Pulse test duration = 2ms 

2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5432-2N5434 

N-Channel JFET Switch 



FEATURES 


ABSOLUTE MAXIMUM RATINGS 


• Low rd8(on) 

• Excellent Switching 

• Low Cutoff Current 


PIN CONFIGURATION 



(Ta= 25°C unless otherwise noted) 

Gate-Source Voltage .-25V 

Gate-Drain Voltage .-25V 

Gate Current.100mA 

Drain Current . 400mA 

Storage Temperature Range.-65“Cto +200“C 

Operating Temperature Range.-55‘’C to +150°C 

Lead Temperature (Soldering, lOsec) .+300®C 

Power Dissipation. 300mW 

Derate above 25“C .2.3mW/“C 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-52 


2N5432 


2N5433 


2N5434 


ELECTRICAL CHARACTERISTICS (Ta = 25‘'C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N5432 

2N5433 

2N5434 

Units 

Min 

Max 

Min 

Max 

Min 

Max 


Gate Reverse Current 

Vgs=-15V. Vds = 0 




muQ 


mm 

■Bl 











Gate Source Breakdown Voltage 

Ig“ “VA, Vds^'O 





my 


V 


Drain Cutoff Current 

Vds = 5V, Vgs = 

-10V 







^091 

Ta=150‘’C 






ms 


VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 5V, lD = 3nA 

-4 

-10 

-3 

-9 

-1 

-4 

V 

loss 

Saturation Drain Current 
(Note 1) 

Vds=15V, Vgs = 0 

150 


100 




Qj 

rDS(on) 

Static Drain-Source ON Resistance 

Vgs = 0. Id = 10mA 

2 

5 


7 



Ryy 

VDS(on) 

Drain-Source ON Voltage 




wm 




''ds(on) 

Drain-Source ON Resistance 

Vgs=o. Id=o 

f-1kHz 


5 


7 


10 

mB 

Cjss 

Common-Source Input Capacitance 
(Note 2) 

Vds=o, 

Vgs=~10V 

f=1MHz 







1 

Crss 

Common-Source Reverse Transfer 
Capacitance (Note 2) 


15 




a 

td 

Turn-ON Delay Time (Note 2) 

Vdd=1.5V, 

VGS(on) = 0, 

VGS(off)=-12V 

lD(on)=10mA 


4 


4 


4 


tr 

Rise Time (Note 2) 


1 


1 


1 

toff 

Turn-OFF Delay Time (Note 2) 


6 


6 


6 

tf 

Fall Time (Note 2) 








NOTES: 1. Pulse test required, pulsewidth SOOjlis, duty cycle^3%. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5432-2N5434 































2N5432-2N5434 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5452-2N5454 

Dual N-Channel JFET 
General Purpose Amplifier 

GENERAL DESCRIPTION 

Matched FET pairs for differential amplifiers. This family 
of general purpose FETs is characterized for low and medi¬ 
um frequency differential amplifier applications requiring low 
drift and low offset voltage. 


PIN CONFIGURATION 




FEATURES 

• Low Offset Voltage 

• Low Drift 

• Low Capacitance 

• Low Output Conductance 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25°C unless otherwise noted) 

Gate-Source or Gate Drain Voltage 

(Note1) .-50V 

Gate Current (Note 1) .50mA 

Storage Temperature Range.-65“Cto +200*C 

Operating Temperature Range.- 55“C to +150‘'C 

Lead Temperature (Soldering, 10sec) .+300°C 


One Side Both Sides 

Power Dissipation (Tc = 85°C) .. 250mW 500mW 

Derate above 25“C . 2.9mW/‘’C 4.3mW/“C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

TO-71 

2N5452 

2N5453 

2N5454 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 



Parameter 

Test Conditions 

2N5452 

2N5453 

2N5454 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

loss 

Gate Reverse Current 

Vgs =-30V. Vds=o 


-100 


-100 


-100 

pA 

I Ta=150“C 


-200 


-200 


-200 

nA 

BVgsS 

Gate-Source Breakdown 

Voltage 

< 

11 

p 

o 

1 

> 

-50 


-50 


-50 


V 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds= 20V, lD=1nA 

-1 

-4.5 

-1 

-4.5 

-1 

-4.5 

Vgs 

Gate-Source Voltage 

Vds = 20V, lD = 50jaA 

-0.2 

-4.2 

-0.2 

-4.2 

-0.2 

-4.2 

VGS(f) 

Gate-Source Forward Voltage 

< 

E 

_cp 

o“ 

> 


2 


2 


2 

loss 

Saturation Drain Current 

Vds = 20V,Vgs = 0 

0.5 

5.0 

0.5 

5.0 

0.5 

5.0 

mA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5452-2N5454 












2N5452-2N5454 


^OMuli^DIL 


2N5452-2N5454 

ELECTRICAL CHARACTERISTICS (Continued) (Ta= 25‘’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N5452 

2N5453 

2N5454 

Units 



Min 

Max 

Min 

Max 

Min 

Max 

9fs 

Common-Source Fonward 


f=1kHz 

1000 

3000 

1000 

3000 

1000 

3000 



Transconductance 

Vds = 20V, Vgs = 0 

f= 100MHz 

1000 


1000 


1000 


^s 

dos 

Common-Source Output 


f=1kHz 


3.0 


3.0 


3.0 


Conductance 

Vds = 20V, Id = 200/xA 


1.0 


1.0 


1.0 


Cjss 

Common-Source Input 

Capacitance (Note 2) 

Vds = 20V, Vgs = 0 



4.0 


4.0 


4.0 


Crss 

Common-Source Reverse 

Transfer Capacitance (Note 2) 


f=1MHz 


1.2 


1.2 


1.2 

PF 

Cdgo 

Drain-Gate Capacitance (Note 2) 

Vdg=10V, Is = 0 



1.5 


1.5 


1.5 


®n 

Equivalent Short Circuit 

Input Noise Voltage 

Vds = 20V,Vgs = 0 

f-1kHz 


20 


20 


20 

ViHz 

NF 

Common-Source Spot 

Noise Figure (Note 2) 

o 

II 

to 

CD 

li 

f= 100Hz 


0.5 


0.5 


0.5 

dB 

Idssi/Idss2 

Drain Saturation Current Ratio 

Vds = 20V, Vgs = 0 

0.95 

1.0 

0.95 

1.0 

0.95 

1.0 


1 Vgsi-VgS2I 

Differential Gate-Source 

Voltage 

Vds = 20V. Id = 200/xA 



5.0 


10.0 


15.0 


A|VGSrVGS2l 

Gate-Source Voltage 


T = 25“Cto -55"C 


0.4 


0.8 


2.0 


AT 

Differential Change 
with Temperature 


T = 25“Cto 
+ 125“C 


0.5 


1.0 


2.5 

mV 

gfsi/gfs2 

Transconductance Ratio 


f=1kHz 

0.97 

1.0 

0.97 

1.0 

0.95 

1.0 


lgos1-9os2i 

Differential Output Conductance 




0.25 


0.25 


0.25 

JU.S 


NOTES: 1. Per transistor. 

2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5459 

N-Channel JFET 

General Purpose Amplifier/Switch 

ABSOLUTE MAXIMUM RATINGS 

(Ta= 25“C unless otherwise noted) 

Drain-Gate Voltage .25V 

Drain-Source Voltage .25V 

Continuous Forward Gate Current .10mA 

Storage Temperature Range.-65“Cto +150‘’C 

Operating Temperature Range .-55°Cto+135°C 

Lead Temperature (Soldering, 10sec) .+300®C 

Power Dissipation.310mW 

Derate above 25“C .2.82mW/°C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ 

may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


PIN CONFIGURATION 





ORDERING INFORMATION 

TO-92 

2N5457 

2N5458 

2N5459 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 


Max 

Units 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= -lOjuiA, Vos = 0 

-25 


V 

loss 

Gate Reverse Current 

Vgs=-15V, Vds = 0 


-1.0 

nA 

Vgs = -15V, Vds= 0 , Ta=1 oo“C 

-200 

VGS(off) 

Gate-Source Cutoff Voltage 

2N5457 

Vds= 15V, lD=10nA 

-0.5 

-6.0 

V 

2N5458 

-1.0 

-7.0 

2N5459 

-2.0 

-8.0 

Vgs 

Gate-Source Voltage 

2N5457 

Vds=15V, Id=100jliA 

Vds = 15V, lD=200jLiA 

Vds = 15V, lD=400jLiA 



V 

2N5458 



2N5459 



loss 

Zero-Gate-Voltage Drain Current 
(Notel) 

2N5457 

Vds = 15V, Vgs=o 

1.0 

5.0 

mA 

2N5458 

2.0 

9.0 

2N5459 

4.0 

16 

lyfsi 

Forward Transfer Admittance 

2N5457 

Vds = 15V, Vgs= 0 , f = 1 kHz 

1000 

5000 

jas 

2N5458 

1500 

5500 

2N5459 

2000 

6000 

lyos! 

Output Admittance 

Vds= 15V, VGS = 0,f= 1kHz 


50 

JUS 

Cjss 

Input Capacitance (Note 2) 

Vds = 15V, Vgs= 0, f = 1 MHz 


7.0 

PF 

Crss 

Reverse Transfer Capacitance (Note 2) 

Vds 15V, Vgs= 0, f = 1 MHz 


3.0 

PF 

NF 

Noise Figure (Note 2) 

Vds = 15V, Vgs=o, Rg=1 mhz 
BW= 1Hz,f=1kHz 


3.0 

dB 


NOTES: 1. Pulse test required. PW< 630ms, duty cycle ^10% 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5457-2N5459 

















2N5460^2N5465 


2N5460-2N5465 

P-Channel JFET 
Low Noise Amplifier 



PIN CONFIGURATION 



ORDERING INFORMATION 


TO-92 

2N5460 

2N5461 

2N5462 

2N5463 

2N5464 

2N5465 


ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Drain-Gate or Source-Gate Voltage 

2N5460 - 2N5462 .-40V 

2N5463 - 2N5465 .-60V 

Gate Current .10 mA 

Storage Temperature Range.-SS'Cto +150“C 

Operating Temperature Range.-55“C to + lOS^C 

Lead Temperature (Soldering, lOsec) .+300“C 

Power Dissipation .310 mW 

Derate above 25“C.2.82 mW/^C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

Min 

Max 

Units 

BVgsS 

Gate-Source Breakdown Voitage 

2N5460, 2N5461, 2N5462 

iG=10jLtA, Vds = 0 

40 


V 

2N5463, 2N5464, 2N5465 

60 


VGS(off) 

Gate-Source Cutoff Voitage 

2N5460, 2N5463 

< 

o 

CO 

II 

1 

cn 

< 

o' 

II 

b 

> 

0.75 

6.0 

V 

2N5461,2N5464 

1.0 

7.5 

2N5462, 2N5465 

1.8 

9.0 

•gss 

Gate Reverse Current 

2N5460,2N5461,2N5462 

o 

II 

CO 

Q 

> 

Vgs=20V 


5.0 

nA 

2N5463, 2N5464, 2N5465 

Vgs = 30V 


5.0 

2N5460, 2N5461,2N5462 


Ta=100“C 

Vgs = 20V 


1.0 

jixA 

2N5463, 2N5464, 2N5465 

Vgs = 30V 


1.0 

loss 

Zero-Gate Voitage Drain Current 

2N5460, 2N5463 

Vds=-15V 

Vgs = 0 

-1.0 

-5.0 

mA 

2N5461.2N5464 



-2.0 

-9.0 

2N5462, 2N5465 

-4.0 

-16 

VgS 

Gate-Source Voitage 

2N5460, 2N5463 



lD = 0.1mA 

0.5 

4.0 




2N5461,2N5464 



Id= -0.2mA 

0.8 

4.5 

V 



2N5462, 2N5465 


|q= -0.4mA 

1.5 

6.0 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5460-2N5465 


^DIMul^DIL 


ELECTRICAL CHARACTERISTICS (Continued)(TA = unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

9fs 

Forward Transadmittance 

2N5460, 2N5463 

II li 

W CO 

Q CD 
> > 

f= 1.0kHz 

1000 

4000 

fiS 

2N5461,2N5464 

1500 

5000 

2N5462, 2N5465 

2000 

6000 

9os 

Output Admittance 


75 

jxS 

Qss 

Input Capacitance (Note 1) 

f=1mHz 


7 

PF 

Crss 

Reverse Transfer Capacitance (Note 1) 


2.0 

PF 

NF 

Common-Source Noise Figure (Note 1) 

f= 100Hz RG=1.0Mn 


2.5 

dB 

©n 

Equivalent Short-Circuit Input 

Noise Voltage (Note 1) 

BW= 1.0Hz 


115 

nV 

VFE 


NOTE 1: For design reference only, not 100% tested. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5460-2N5465 



2N5484-2N5486 


2N5484-2N5486 

N-Channel JFET 
High Frequency Amplifier 

FEATURES 

• Up to 400MHz Operation 

• Economy Packaging 

•Crss<1-0pF 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 

(Ta= 25“C unless otherwise specified) 


Drain-Gate Voltage .25V 

Source Gate Voltage.25V 

Drain Current.30mA 

Forward Gate Current .10mA 

Storage Temperature Range.-65“Cto +150‘’C 

Operating Temperature Range.-55®Cto+135‘*C 

Lead Temperature (Soldering, lOsec) .+300“C 

Power Dissipation.310mW 

Derate above 25®C .2.82mW/°C 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-92 

2N5484 

2N5485 

2N5486 


ELECTRICAL CHARACTERISTICS (Ta = 25'’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 


2N5485 

2N5486 

Units 





Min 

Max 

Min 

Max 


Gate Reverse Current 

Vgs=-20V, Vds = 0 


HEI 


-1.0 


-1.0 

nA 



1 Ta=100‘'C 


-200 


-200 


-200 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= -1jLtA, Vds = 0 

-25 


-25 


-25 


V 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 15V, lD=10nA 

-0.3 

-3.0 

-0.5 

-4.0 

-2.0 

-6.0 


loss 

Saturation Drain Current 

Vds== 15V. Vgs=0 (Note 1) 

1.0 

5.0 

4.0 

10 

8.0 

20 

mA 

9fs 

Common-Source Forward 
Transconductance 

Vds = 15V.Vgs = 0 



6000 

3500 

7000 

4000 

8000 


9os 

Common-Source Output 

Conductance 




50 


60 


75 


Re(yfs) 

Common-Source Forward 


f= 100 MHz 

^01 






fXS 


Transconductance (Note 2) 


f = 400MHz 



3000 


3500 



Common-Source Output 


f= 100 MHz 


75 






R®(yos) 

Conductance (Note 2) 






100 


100 


Re(yis) 

Common-Source Input 




100 







Conductance (Note 2) 


f=400MHz 




1000 


1000 


Cjss 

Common-Source Input 

Capacitance (Note 2) 




5.0 


5.0 


5.0 


Crss 

bommon-Source Reverse 

Transfer Capacitance (Note 2) 




1.0 


1.0 


1.0 

pF 

Cqss 

Common-Source Output 

Capacitance (Note 2) 




2.0 


2.0 


2.0 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 10-50 

























2N5484-2N5486 


ELECTRICAL CHARACTERISTICS (Ta = 25"C unless otherwise specified) (Continued) 


Symbol 

Parameter 


2N5484 

2N5485 

2N5486 

Units 



CSS 


OS 


rffli 

US! 

NF 

Noise Figure 

Vds=15V. Vgs=0, 
RG=1Mn 


■ 


■ 

2.5 


2.5 



(Note 2) 

Vds= 15V. VD=1mA. 
RG==1kn 

f= 100MHz 

■ 


■ 

■ 

■ 

■ 

dB 



Vds 15V, Iq = 4mA, 





IQQI 


Q!| 



RG = 1kn 





m 


Bl 



Common-Source Power Gain 

Vds= 15V, lD=1mA 

f=100MH2 

m 

m 







(Note 2) 

Vds = 15V, Id= 4mA 




111 

BiB 

m 

||Q3[ 




f=400MHz 



Bl 

20 

Bl 

BSB 



NOTES: 1. Pulse test required. Pulse width =300ju.s, duty cycle ^ 3%. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested 


10-51 


2N5484-2N5486 














2N5515-2N5524 


2N5515-2N5524 

Dual N-Channel JFET 
Low Noise Amplifier 


FEATURES 

• Tight Temperature Tracking 

• Tight Matching 

• High Common Mode Rejection 

• Low Noise 


PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 

(Ta= 25‘’C unless otherwise specified) 

Gate-Source or Gate-Drain Voltage.-40V 

Gate Current (Note 1) .50mA 

Storage Temperature Range.-65“Cto +200"C 

Operating Temperature Range.-SS^Cto+150“C 

Lead Temperature (Soldering, 10sec) .+300®C 

One Side Both Sides 

Power Dissipation (Ta=85“C) 250m W 375m W 

Derate above 25'’C . 2.0mW/“C 3.0mW/‘‘C 

NOTE: Per transistor. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 

TO-72 

2N5515 

2N5516 

2N5517 

2N5518 

2N5519 

2N5520 

2N5521 

2N5522 

2N5523 

2N5524 


ELECTRICAL CHARACTERISTICS (Ta = 25®c unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

Min 

Max 

Units 

Iqss 

Gate Reverse Current 

Vgs=-30V. Vds = 0 



-250 

pA 




Ta = 150“C 


-250 

nA 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= —IjixA, Vds = 0 

-40 


V 

Vp 

Gate-Source Pinch-Off Voltage 

VDS = 20V,lD=1nA 

-0.7 

-4 


loss 

Drain Current at Zero Gate Voltage (Note 1) 

Vds = 20V, Vgs = 0 


0.5 

7.5 

mA 

Qfs 

Common-Source Forward Transconductance 
(Note 1) 


f=1kHz 

1000 

4000 

fXS 

9oss 

Common-Source Output Conductance 




10 


Crss 

Common-Source Reverse Transfer 
Capacitance (Note 3) 


f=1MHz 


5 

PF 

Cjss 

Common-Source Input Capacitance (Note 3) 




25 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5515-2N5524 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25°C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

©n 

Equivalent Input Noise Voltage 
(Note 3) 

2N5515-19 

Vdg = 20V, lD = 200jLtA 

f=10Hz 


30 

nV/VFiz 

2N5520-24 


15 

2N5515-24 

f=1kHz 


10 

•g 

Gate Current 



-100 

pA 

II 

ro 

O 




Vqs 

Gate Source Voltage 


-0.2 

-3.8 

V 

9fs 

Common-Source Forward 

Transconductance (Note 1) 

f=1kHz 

500 

1000 

flS 

9oss 

Common-Source Output Conductance 



1 

flS 


MATCHING CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

Parameter 







■ 

n 



^21 

UH 



^^3 

IBM 

^51 

uu 

^21 


Drain Current Ratio at Zero 

Gate Voltage (Note 1) 


0.95 

1 

0.95 

1 

0.95 

1 

0.95 

1 

0.90 

1 














Differential Gate Current 
(+125‘*C) 

Vdg = 20V, 
lD = 200jaA 

■ 


■ 

10 

■ 


■ 


■ 



H 

Transconductance Ratio 
(Note 1) 

Vdg = 20V, 

Id = 200ju,A 
f=1kHz 


1 


1 

0.95 

1 

BBS 

n 

BBS 

1 












1 9oss1 “ 9oss2 I 

Differential Output 
Conductance 

Vdg = 20V, 

lD = 200jLtA 

f=1kHz 


0.1 


0.1 

1 


1 

0.1 

1 



1 Vqsi - VgS2 1 

Differential Gate-Source 
Voltage 

Vdg = 20V, 
lD = 200ju,A 



■ 

5 

■ 


■ 


■ 

1 

Q| 

A|Vgsi -VgS2 I 

Gate-Source Voltage 
Differential Drift 
(TA=-55°Cto +125“C) 

Vdg = 20V. 

Id = 200|ulA 


1 

1 


1 


1 


1 

1 


AT 

CMRR 

Common Mode Rejection 
Ratio (Note 2, 3) 

VDD=10to20V, 
lD = 200jULA 

100 

■ 


■ 


■ 

■ 

■ 

■ 

■ 



NOTES: 1. Pulse duration of 28ms used during test. 

2. CMRR = 20 logioAVoD/AlVQsi- Vgs2I. (AVdd = 10V) 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5515-2N5524 



























2N5e38-2N5640 


2N5638-2N5640 

N-Channei JFET Switch 

FEATURES 

• Economy Packaging 

• Fast Switching 

• Low Drain-Source ‘ON’ Resistance 


PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 

(Ta= 25'’C unless otherwise specified) 


Drain-Source Voltage .30V 

Drain-Gate Voltage .30V 

Source-Gate Voltage .30V 

Forward Gate Current .10mA 

Storage Temperature Range.-65®Cto +150“C 

Operating Temperature Range.-55®Cto+135‘*C 

Lead Temperature (Soldering, lOsec) .+300“C 

Power Dissipation.310mW 

Derate above 2&*C .2.82mW/“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-92 

2N5638 

2N5639 

2N5640 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 



Parameter 

Test Conditions 

2N5638 

2N5639 








1223 

naiBi 

Gate Reverse Breakdown Voltage 

Ig=-10/jiA. Vds=0 

B3 






a 

■gss 

Gate Reverse Current 

Vgs=~15V, Vds=0 





m3 


QQ 

131 




Ta=100*C 




-1.0 


mQ 



Drain Cutoff Current 

Vds= 15V, Vgs= -12V (2N5638), Vgs= “BV (2N5639), 


1.0 




m 

IBBI 



VgS= “6V (2N5640) 

Ta=100“C 


m 


m 


m 

IIQI 


Saturation Drain Current 

VDs=20V,VGS=0(Note1) 

50 




Bl 


IQQH 


Drain-Source ON Voitage 

Vgs=0, Id = 12mA (2N5638), 

Id= 6mA (2N5639). Id= 3mA (2N5640) 


0.5 

■ 


■ 


D 

BiSISI 

Static Drain-Source ON Resistance 

lD=1mA, Vgs=0 





mi 


100 

n 


Drain-Source ON Resistance 

Vgs=o, Id=o 

f=1kHz 




mi 


100 

Cjss 

Common-Source Input 

Capacitance (Note 2) 

Vgs=-12V, Vds = 0 

f=1MHz 

■ 

m 

■ 

m 

■ 



Crss 

Common-Source Reverse Transfer 
Capacitance (Note 2) 



■ 

D 

■ 

m 

■ 



td(on) 

Turn-On Delay Time (Note 2) 

Vdd = 10V lD(on) = 12mA (2N5638) 



IQ 


[mi 


m 


tr 

Rise Time (Note 2) 

te=-10V lD(on)-6mA(2N5639) 

Rg = son iD(on) = 3mA (2N5640) 



5.0 


m 


10 


td 

Turn-OFF Delay Time (Note 2) 





o 


■a 


DHi 

Fall Time (Note 2) 

(Note 2) 



o 



■1 

mi 



NOTES: 1. Pulse test; PW:^300 jlis, duty cycle^3.0%. 

2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5638-2N5640 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5638-2N5640 







2N5902-2N5909 


2N5902-2N5909 

Monolithic Duai N-Channel 
Generai Purpose Ampiifier 

FEATURES 

• Tight Tracking 

• Good Matching 

PIK CONFIGURATION 


TO-99 



JFET 

ABSOLUTE MAXIMUM RATINGS 

(Ta= 25‘’C unless otherwise specified) 


Gate-Drain or Gate-Source 

Voltage (Note 1).-40V 

Gate Current (Note 1) .10mA 

Storage Temperature Range.-SS^Cto +200‘’C 

Operating Temperature Range.-55®Cto+150®C 

Lead Temperature (Soldering, 10sec) .+300“C 


One Side Both Sides 

Power Dissipation . 367mW 500mW 

Derate above 25®C . 3mW/®C 4mW/"C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-99 

2N5902 

2N5903 

2N5904 

2N5905 

2N5906 

2N5907 

2N5908 

2N5909 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N5902-6 

2N5903-7 

2N5904-8 



Min 

Max 

Min 

Max 

Min 

^^2 




Differential Gate Current 

Vdg = 10V, 
lD=30jixA, 
Ta=125‘‘C 

2N5902-5 


2.0 


Q| 



|[|| 

BQ 


2N5906-9 






0.2 


0.2 


Saturation Drain Current Ratio 

Vds=10V, Vgs = 0 

0.95 

B 


B 


D 

0.95 

1 

■ 



Vdg = 10V, 
Id = 30jixA 



B 


B 


B 

0.95 

1 

■ 

1 VgS1-VgS2I 

Differential Gate-Source Voltage 



5 


B 


B 


m 

mV 

A| Vgs1“VgS2 I 

Gate-Source Voltage Differential 
Drift (Measured at end points 

Ta and Tb) 

Ta=25"C 

Tb=125“C 


5 

■ 

B 

Bl 


■ 



AT 

Ta=-55‘’C 
Tb = 25‘’C 


5 

■ 


■ 


■ 


I 9os1 “9 os2 I 

Differential Output Conductance 

f=1kHz 



m 

0.2 

_ 



0.2 

jaS 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5902-2N5909 


^DIKSvli^aiL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25**C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

2N5902-5 

2N5906-9 

Units 

Min 

Max 

Min 

Max 

loss 

Gate Reverse Current 

Vgs=-20V.Vds = 0 



-5 


-2 

pA 


Ta=125“C 


-10 


-5 

nA 

BVqss 

Gate-Source Breakdown Voltage 

Ig= — Ijli-A, Vds = 0 

-40 


-40 


V 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds~ "lOV, Id= InA 

-0.6 

-4.5 

-0.6 

-4.5 

Vgs 

Gate Source Voltage 

Vdg = 10V, lD = 30iLiA 


-4 


-4 

Ig 

Gate Operating Current 




-3 


-1 

pA 


Ta=125“C 


-3 


-1 

nA 

•dss 

Saturation Drain Current 

Vds=10V, Vgs = 0 

f=1kHz 

30 

500 

30 

500 

fxA 

9fs 

Common-Source Forward 
Transconductance 

70 

250 

70 

250 

]xS 

9os 

Common-Source Output Conductance 


5 


5 

Cjss 

Common-Source Input Capacitance 

Vds = 10V.Vgs = 0 
(Note 1) 

f=1MHz 


3 


3 

PF 

Crss 

Common-Source Reverse Transfer 
Capacitance 


1.5 


1.5 

9fs 

Common-Source Forward 
Transconductance 

Vdg = 10V. lD = 30jyiA 

f=1kHz 

50 

150 

50 

150 

fiS 

9os 

Common-Source Output Conductance 


1 


1 

®n 

Equivalent Short Circuit Input 

Noise Voltage (Note 1) 

Vds=10V, Vgs = 0 


0.2 


0.1 

juV 

VFE 

NF 

Spot Noise Figure (Note 1) 

f= 100Hz 

RG = 10Mn 


3 


1 

dB 


NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5902-2N5909 




2N5911, 2N5912, ITC5911, ITC5912, IT5911, IT5912 


2N5911, 2N5912, 
ITC5911, ITC5912, 

IT5911, IT5912 

Dual N-Channei JFET 
High Frequency Amplifier 

FEATURES 

• Tight Tracking 

• Low Insertion Loss 

• Good Matching 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage .-25V 

Gate Current.50mA 

Storage Temperature Range.-65“Cto +200®C 

Operating Temperature Range.-55'’C to +150*0 

Lead Temperature (Soldering, lOsec) .+300*C 

TO-71 TO-99 


One Both One Both 

Side Sides Side Sides 

Power 


Dissipation .... 200mW 400mW 367mW 500mW 

Derate above 

25*C .1.6mW/*C3.2mW/*C3.0mW/*C4.0mW/*C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 


TO-71 

TO-99 

Wafer 

Dice 

IT5911 

2N5911 

2N5911/W 

2N5911/D 

IT5912 

2N5912 

2N5912/W 

2N5912/D 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless othen/vise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

loss 

Gate Reverse Current 

Vgs=-15V, Vds = 0 



-100 

pA 




Ta=150‘’C 


-250 

nA 

BVgsS 

Gate Reverse Breakdown Voltage 

Ig=-1H'A, Vds = 0 

-25 



VGS(off) 

Gate-Source Cutoff Voltage 

Vds= 10V, lD=1nA 

-1 

-5 

V 

Vgs 

Gate-Source Voltage 

Vdg = 10V, Id = 5mA 


-0.3 

-4 


Ig 

Gate Operating Current 




-100 

pA 




Ta=150“C 


-100 

nA 

loss 

Saturation Drain Current (Pulsewidth 300/bis, 
duty cycle ^3%) 

Vds=10V,Vgs = 0V 

7 

40 

mA 

gfs 

Common-Source Forward Transconductance 

Vdg=10V. Id= 5mA 

f=1kHz 

5000 

10,000 


gfs 

Common-Source Forward Transconductance (Note 1) 


f= 100MHz 

5000 

10,000 

jas 

gos 

Common-Source Output Conductance 


f=1kHz 


100 


goss 

Common-Source Output Conductance (Note 1) 


f= 100MHz 


150 


Ciss 

Common-Source Input Capacitance (Note 1) 


f=1MHz 


5 

PF 

Crss 

Common-Source Reverse Transfer Capacitance (Note 1) 




1.2 

©n 

Equivalent Short Circuit Input Noise Voltage (Note 1) 


f= 10kHz 


20 

nV 

a/Hz 

NF 

Spot Noise Figure (Note 1) 


f= 10kHz 

RG = 100k(l 


1 

dB 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N5911, 2N5912, ITC5911, ITC5912, ^fll^inii^DIL 

IT5911, IT5912 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25°C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

IT, 2N5911 

IT, 2N5912 

Units 

Min 

Max 

Min 

Max 

hci-lGal 

Differential Gate Current 

Vdg = 10V, Id= 5mA 

Ta=125“C 


20 


20 

nA 

ipssi 

IdSS2 

Saturation Drain Current Ratio 

Vds = 10V, Vgs==0 

(Pulsewidth SOOjuts, duty cycle^3%) 

0.95 

1 

0.95 

1 


|Vgsi-VgS2I 

Differential Gate-Source Voltage 

Vdg = 10V, Id= 5mA 



10 


15 

mV 

A|Vgs1“VgS2I 

Gate-Source Voltage Differential 
Drift (Measured at end points, 
lAand Tb) 

Ta=25'‘C 

Tb = 125'*C 


20 


40 

jaV/"C 

AT 

Ta=-55"C 
Tb = 25’’C 


20 


40 

III 

Transconductance Ratio 

f=1kHz 

0.95 

1 

0.95 

1 



NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE; AH typical values have been characterized but are not tested. 
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2N5911, 2N5912, ITC5911, ITC5912, IT5911, IT5912 







2N6483-2N6485 


2N6483-2N6485 

Dual N-Channel JFET 
Low Noise Amplifier 



FEATURES 

• Ultra Low Noise 

• High CMRR 

• Low Offset 

• Tight Tracking 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

(Ta= 25*C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1) .- 50V 


Gate-Gate Voltage .± 50V 

Gate Current (Note 1) . 50mA 

Storage Temperature Range.-65‘’Cto +200“C 

Operating Temperature Range.- 55‘’C to +175®C 

Lead Temperature (Soldering, 10sec) .+300“C 


One Side Both Sides 

Power Dissipation . 250mW 400mW 

Derate above 25'’C . 1.7mWrC 2.7mW/“C 

NOTE: Stresses above those fisted under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings oniy 
and functionai operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
impiied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 

ORDERING INFORMATION 

~TO-71 

2N6483 

2N6484 

2N6485 


ELECTRICAL CHARACTERISTICS (Ta = 25‘*c unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

•gss 

Gate Reverse Current 

VgS=-30V, Vds = 0 


-200 

pA 

I Ta=150“C 


-200 

nA 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= -Iju-A, Vds = 0 

-50 


V 

Vp 

Gate-Source Pinch Off Voltage 

VDS = 20V,lD=1nA 

-0.7 

-4.0 

loss 

Drain Current at Zero Gate Voltage (Note 2) 

Vds = 20V, Vgs = 0 

0.5 

7.5 

mA 

Qfs 

Common-Source Forward Transconductance (Note 2) 

Vds=20V, VGS = 0,f=1kHz 
(Note 6) 

1000 

4000 

fXS 

9oss 

Common-Source Output Conductance 



Cjss 

Common-Source Input Capacitance 

Vds = 20V, Vgs = 0. f = 1 MHz 
(Note 6) 


20 

PF 

Crss 

Common-Source Reverse Transfer Capacitance 


3.5 

Iq 

Gate Current 

Vgd= 20V, Id = 200^iA (Note 6) 


100 

pA 

1 Ta^^ISOX 


100 

nA 

Vqs 

Gate Source Voltage 

Vdg = 20V, Id = 200ju,A 

0.2 

3.8 

V 

9fs 

Common-Source Forward Transconductance 

Vdg = 20V, Id= 200jLiA, f = 1 kHz 

500 

1500 

flS 

9os 

Common-Source Output Conductance 

Vdg = 20V, Id = 200^iA 


1 

Qn 

Equivalent Input Noise Voltage (Note 6) 

Vds=20V, lD = 200jaA, f = 10Hz 


10 

nV/y/Hz 

Vds=20V, Id= 200jLtA, f = 1 kHz 

5 


NOTES: 1. Per transistor. 

2. Pulse test required; pulse width = 2ms. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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2N6483-2N6485 


MATCHING CHARACTERISTICS (Continued) (Ta = 25*C unless otherwise specified) 


01 

CO 

Ul 


NOTES: 3. These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

4. Pulse duration of 2ms used during test. 

5. CMRR = 20LogioAVDD/A | Vgsi-Vgs 2 I. (AVdd= 10V), not included in JEDEC registration. 

6. For design reference only, not 100% tested. 


Symbol 

Parameter 

Test Conditions 

2N6483 

2N6484 

2N6485 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Ipssi 

IdSS2 

Drain Current Ratio at Zero 
Gate Voltage 

Vds = 20V.Vgs = 0 
(Note 4) 

0.95 

1 

0.95 

B 


B 


1 Igi ~ IG2 I 

Differential Gate Current 

Vdg = 20V, lD = 200iuiA 
Ta=+125"C 


10 


10 


B 


gfsi 

ggs2 

Transconductance Ratio 

Vdg = 20V, lD = 200jutA, 
f=1kHz (Note 4) 


a 


B 


B 


I Qosl “ 9os2 I 

Differential Output 
Conductance (Note 6) 

Vdg = 20 V, Id=200)jiA, 
f=1kHz 






B 


1 Vqsi “ Vgs2 I 

Differential Gate-Source 
Voltage 

Vdg = 20V, lD = 200iuiA 


5 


10 


B 


A1 Vqsi -VgS2 I 
AT 

Gate-Source Voltage 
Differential Drift 

Vdg = 20V, lD = 200jLtA 
TA=-55'’CtO +125"C 




10 


B 

QQI 

CMRR 

Common Mode Rejection 
Ratio (Note 6) 

VDD=10to20V. 

Id = 200|ulA (Notes) 

100 






Q 


TYPICAL PERFORMANCE CHARACTERISTICS 


en vs. FREQUENCY 



0235-3 


GATE CURRENT vs. Vqg 



en vs. FREQUENCY 



frequency (Hz) 


TYPICAL CAPACITANCE vs. Vos 



0235-5 0235-6 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 




NOTE: AH typical values have been characterized but are not tested. 
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311161 


3N161 

Diode Protected P-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier/Switch 



FEATURES 

• Channel Cut Off With Zero Gate Voltage 

• Square-Law Transfer Characteristic Reduces 
Distortion 

• Independent Substrate Connection Provides 
Flexibility in Biasing 

• Internally Connected Diode Protects Gate From 
Damage Due to Overvoltage 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25®C unless otherwise noted) 

Drain-Source or Drain-Gate Voltage .40V 

Drain Current.50mA 

Gate Forward Current .lOjuiA 

Gate Reverse Current .1mA 

Storage Temperature .-65“Cto+200‘*C 

Operating Temperature .- 55®C to +150®C 

Lead Temperature (Soidering, lOsec) .+300®C 

Power Dissipation. 375mW 

Derate above 25®C .3.0mW/‘’C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 

3N161 


ELECTRICAL CHARACTERISTICS (Ta = 25*C and Vgs- 0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

BUB 

•gssf 

Forward Gate-Terminal Current 

Vgs=-25V. Vds = 0 



-100 

pA 


Ta=+100“C 


-10 

nA 

BVqss 

Forward Gate-Source Break¬ 
down Voltage 

Ig= —0.1mA, Vds“0 



V 

bss 

Zero-Gate-Voltage Drain Current 

Vds=-15V, Vgs = 0 


-10 


Vds=-25V, Vgs=0 


-10 


VGS(th) 

Gate-Source Threshold Voltage 

Vds=- 15V, lD=-10ju.A 


-5 


Vqs 

Gate-Source Voltage 

Vds=- 15V, lD=-8mA 

BBS 

-8 


On-State Drain Current (Note 2) 

Vds=-15V, Vgs=-15V 

-40 



IVfsl 

Small-Signal Common-Source 

Forward Transfer Admittance 

Vds=- 15V, lD=-8mA 

f=1kHz 

3500 

6500 

■ 

IVosl 

Small-Signal Common-Source 

Output Admittance 

B 

250 

Ciss 

Common-Source Short-Circuit 
i nput Capacitance (Note 1) 

f=1MHz 

■ 

10 

PF 

Crss 

Common-Source Short Circuit 

Reverse Transfer Capacitance (Note 1) 


a 


NOTE 1: For design reference only, not 100% tested. 
2: Pulse test duration 300 jiis; duty cycle ^ 3% 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3N163, 3N164 

P-Channel Enhancement Mode 
MOSFET General Purpose 
Amplifier Switch 



FEATURES 

• Very High Input Impedance 

• High Gate Breakdown 

• Fast Switching 

• Low Capacitance 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS (Notei) 


(Ta=25*C unless othenA/ise noted) 

Drain-Source or Drain-Gate Voltage 

3N163 .-40V 

3N164 .-30V 

Static Gate-Source Voltage 

3N163 .±40V 

3N164 .+30V 

Transient Gate-Source Voltage (Note 2).±125V 

Drain Current.50mA 

Storage Temperature . .-65“Cto+200“C 

Operating Temperature .- to +150®C 

Lead Temperature (Soldering, tOsec) .+300“C 

Power Dissipation. 375mW 

Derate above + 25‘’C .3.0mW/®C 


NOTES: 1. See handling precautions on 3N170 data sheet. 

2. Devices must not be tested at ±125V more than once, nor for 
longer than 300ms. 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

~0-72 

3N163 

3N164 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C and Vbs = 0 unless otherwise specified) 



Parameter 

Test Conditions 

3N163 

3N164 

Units 

Min 

Max 

Min 

Max 

•gss 

Gate-Body Leakage Current 

Vgs= -40V, Vds = 0 (3N163) 

Vgs= -30V, Vds = 0 (3N164) 


-10 


-10 

pA 

Ta= + 125“C 


-25 


-25 

BVdss 

Drain-Source Breakdown Voltage 

Id= -IOjulA, Vgs = 0 

-40 


-30 


V 

BVsds 

Source-Drain Breakdown Voltage 

ls=-10jLiA,VGD = 0. Vbd = 0 

-40 


-30 


VGS(th) 

Threshold Voltage 

VdS = Vgs. •□= -lOjbiA 

-2.0 

-5.0 

-2.0 

-5.0 

VGS(th) 

Threshold Voltage 

Vds=- 15V, lD=-10]utA 

-2.0 

-5.0 

-2.0 

-5.0 

Vgs 

Gate Source Voltage 

Vds=-15V, Id=- 0.5mA 

-2.5 

-6.5 

-2.5 

-6.5 

loss 

Zero Gate Voltage Drain Current 

Vds=-15V,Vgs = 0 


200 


400 

pA 

•SDS 

Source Drain Current 

VsD=15V, Vgs—Vdb - o 


400 


800 

rDS(on) 

Drain-Source on Resistance 

Vgs =-20V, Id=-100;xA 


250 


300 

ohms 

•□(on) 

On Drain Current 

Vds=-15V, Vgs=-10V 

-5.0 

-30.0 

-3.0 

-30.0 

mA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3N163. 3N164 


















3N163, 3N164 


3N163, 3N164 raBffi^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta= 25“C and Vbs= 0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

3N163 

Min Max 

3N164 

Min Max 

Units 

9fs 

Forward Transconductance 

Vds = -15V, Id = -10mA, f = 1 kHz 

2000 

4000 

1000 

4000 


9os 

Output Admittance 



250 


250 

jLtS 

Cjss 

Input Capacitance—Output Shorted 



2.5 


2.5 


Crss 

Reverse Transfer Capacitance 

Vds = -15V, Id = -10mA, f = 1M Hz 


0.7 


0.7 

PF 

Cqss 

Output Capacitance Input Shorted 

(Notel) 


3.0 


3.0 



NOTE 1: For design reference only, not 100% tested. 

SWITCHING CHARACTERISTICS (Ta = 25®C and Vbs= 0 unless otherwise specified) 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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3N165, 3N166 

Monolithic Dual P>Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier 



FEATURES 

• Very High Impedance 

• High Gate Breakdown 

• Low Capacitance 

PIN CONFIGURATION 



DEVICE SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS (Notei) 

(Ta= 25“C unless otherwise specified) 

Drain-Source or Drain-Gate Voltage (Note 2) 


3N165 . 40V 

3N166 . 30V 

Transient Gate-Source Voltage (Note 3) .±125 

Gate-Gate Voltage .±80V 

Drain Current (Note 2).50mA 

Storage Temperature .-65‘’Cto+200"C 

Operating Temperature .- 55“C to +150“C 

Lead Temperature (Soldering, lOsec) .+300®C 

Power Dissipation 

One Side . 300mW 

Both Sides . 525mW 

Total Derating above 25“C.4.2mW/'’C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-99 

3N165 

3N166 


ELECTRICAL CHARACTERISTICS (Ta = 25'’C and Vbs= 0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 


Min 

Max 

Iqssr 

Gate Reverse Leakage Current 

Vgs = 40V 


10 

pA 

Iqssf 

Gate Forward Leakage Current 

Vgs= —40 V 


-10 

Ta=+125“C 


-25 

•dss 

Drain to Source Leakage Current 

Vds= -20 V 


-200 

ISDS 

Source to Drain Leakage Current 

VsD= -20, Vdb = 0 


-400 

iD(on) 

On Drain Current 

Vds=-15V, Vgs=-iov 

-5 

-30 

mA 

VGS(th) 

Gate Source Threshold Voltage 

Vds=- 15V, lD=-10jLtA 

-2 

-5 

V 

VGS(th) 

Gate Source Threshold Voltage 

Vds = Vgs. Id= -lOjaA 

-2 

-5 

''DS(on) 

Drain Source ON Resistance 

Vgs=-20V, Id=-100juiA 


300 

ohms 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-65 


3N165, 3N166 






































3N165, 3N166 


3N165, 3N166 ^Dt^OHi^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25“C and Vbs= 0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 

9fs 

Forward Transconductance 

Vds = -15V, Id = -10mA, f = 1 kHz 

1500 

3000 

fXS 

9os 

Output Admittance 


300 

Ciss 

Input Capacitance 

Vds= -15V, Id= -10mA, f=1MHz 
(Note 4) 


3.0 

PF 

Crss 

Reverse Transfer Capacitance 


0.7 

Cqss 

Output Capacitance 


3.0 

RE(Yfs) 

Common Source Forward Transconductance 

Vds = -15V, Id = -10mA, f = 10OMHz (Note 4) 

1200 


jutS 


MATCHING CHARACTERISTICS 3N165 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 

Yfsl/Yfs2 

Forward Transconductance Ratio 

Vds = -15V, Id= -SOO/xA, f=1kHz 

0.90 

1.0 


VgS1-2 

Gate Source Threshold Voltage Differential 

Vds=-15V,Id=-500julA 


100 

mV 

AVgsi-2 

AT 

Gate Source Threshold Voltage Differential 
Change with Temperature 

Vds=-15V, Ia=-500juiA 
TA=-55‘’Cto = +25‘’C 


100 

JLtV/“C 


NOTES 1. See handling precautions on 3N170 data sheet. 

2. Per transistor. 

3. Devices must not be tested at ± 125V more than once, nor for longer than 300ms. 

4. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3N170, 311171 

N-Channel Enhancement 
Mode MOSFET Switch 



FEATURES 

• Low Switching Voltages 

• Fast Switching Times 

• Low Drain-Source Resistance 

• Low Reverse Transfer Capacitance 

PIN CONFIGURATION 



ORDERING INFORMATION 


TO-72 

3N170 

3N171 


HANDLING PRECAUTIONS 

MOS field-effect transistors have extremely high input re¬ 
sistance and can be damaged by the accumulation of ex¬ 
cess static charge. To avoid possible damage to the device 
while wiring, testing, or In actual operation, follow the proce¬ 
dures outlined below. 

1. To avoid the build-up of static charge, the leads of 
the devices should remain shorted together with a 
metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the 
case instead of the leads. 

3. Do not insert or remove devices from circuits with 
the power on as transient voltages may cause per¬ 
manent damage to the devices. 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Drain-Gate Voltage .±35V 

Drain-Source Voltage .25V 

Gate-Source Voltage .±35V 

Drain Current.30mA 

Storage Temperature Range.-65“Cto +200“C 

Operating Temperature Range.-55‘’Cto +150“C 

Lead Temperature (Soldering, 10sec) .+300“C 

Power Dissipation. 300mW 

Derate above 25®C .2.4mW/"C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (25*‘C unless otherwise noted) Substrate connected to source. 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 


Drain-Source Breakdown Voltage 

lD = 10jaA,VGS = 0 



V 

•gss 

Gate Leakage Current 

Vgs=±35V, Vds=0 




Vgs=35V, Vds=0, Ta= 125“C 



loss 

Zero-Gate-Voltage Drain Current 

Vds=10V,Vgs = 0 


10 

nA 



1.0 

IBEI 

VGS(th) 

Gate-Source 

Threshold Voltage 

3N170 

Vds = 10V, lD=10jLtA 

1.0 

2.0 

V 

3N171 

1.5 

3.0 

IKSIH 

“ON” Drain Current 

Vgs = 10V.Vds = 10V 

10 


mA 

VDS(on) 

Drain-Source “ON” Voltage 

Id= 10mA, Vgs= 10V 


2.0 

V 

''ds(on) 

Drain-Source ON Resistance 

Vgs= 10V, lD=0,f= 1.0kHz 


200 

a 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3N170, 3N171 
































3N170p 3N171 


3N170, 3N171 


QDiNnnii^DiL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25‘’C unless otherwise specified) Substrate connected to 
source. 


Symbol 

Parameter 






lYfsl 

Forward Transfer Admittance 

Vds=10V. Id = 2.0mA, 
f= 1.0kHz 

1000 


fxS 

Crss 


VdS=0, VGs = 0,f= 1.0 MHz 




|||Q|||||[||||||| 

Input Capacitance (Note 1) 

Vds = 1 0V, Vgs = 0, f = 1 .OMHz 


5.0 

Cd(sub) 

Drain-Substrate Capacitance (Note 1) 

Vd(SUB) = 10V, f= 1.0MHz 



^(on) 

Turn-On Delay Time (Note 1) 

Vdd = 1 0V, iD(on) = 1 0mA, 

VGS(on) = 10V, VGS(off) = 0, 

Rg = 50ft 


3.0 

ns 

tr 

Rise Time (Note 1) 


10 

K8SH 

Turn-Off Delay Time (Note 1) 



tf 

Fall Time (Note 1) 


15 


NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3N172, 3N173 

Diode Protected P-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier/Switch 



FEATURES 


ABSOLUTE MAXIMUM RATINGS 


• High Input Impedance 

• Diode Protected Gate 


PIN CONFIGURATION 



DEVICE SCHEMATIC 



(Ta= 25®C unless otherwise noted) 

Drain-Source or Drain-Gate Voltage 

3N172 . 40V 

3N173 . 30V 

Drain Current.50mA 

Gate Forward Current .10 jut A 

Gate Reverse Current .1mA 

Storage Temperature .-eS^Cto+200“C 

Operating Temperature .- 55*C to +150®C 

Lead Temperature (Soldering, lOsec) .+300^ 

Power Dissipation. 375mW 

Derate above 25“C .3.0mW/‘’C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings oniy 
and functionai operation of the device at these or any other conditions 
above those indicated in the operationai sections of the specifications is not 
implied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reiiability. 

ORDERING INFORMATION^ 


TO-72 

3N172 

3N173 


ELECTRICAL CHARACTERISTICS (Ta = 25"C and Vbs=0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

3N172 

3N173 

Units 

Min 

Max 

Min 

Max 

Igss 

Gate Reverse Current 

Vgs= -20 V 


-200 


-500 

pA 

Ta=+125*C 


-0.5 


-1.0 

fxA 

BVqss 

Gate Breakdown Voltage 

Id= —lOjutA 

-40 

-125 

-30 

-125 

V 


Drain-Source Breakdown Voltage 


-40 


-30 


UBI 

Source-Drain Breakdown Voltage 


-40 


-30 


VGS(th) 

Threshold Voltage 


-2.0 

-5.0 

-2.0 

-5.0 


-2.0 

-5.0 

-2.0 

-5.0 

Vgs 

Gate Source Voltage 

Vds=-15V, Id=-500jliA 

-3.0 

-6.5 

-2.5 

-6.5 

loss 

Zero Gate Voltage Drain Current 

Vds=-15V, Vgs = 0 


-0.4 


-10 

nA 

ISDS 

Zero Gate Voltage Source Current 

VsD= -15V, Vdb = 0. Vgd —0 


miQ 


-10 

roSCon) 

Drain Source On Resistance 

Vgs =-20V, lD=-100ju,A 




350 

ohms 

iD(on) 

On Drain Current 

Vds=-15V,Vgs=-10V 

-5.0 

-30 

-5.0 

-30 

mA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3N172, 3N173 



































3N172, 3N173 


3N172, 3N173 raiim^DIL 


Small-Signal Electrical Characteristics ta = 25°c and buik (substrate) Lead connected to source 


Symbol 

Parameter 

Test Conditions 

3N172 

Min Max 

3N173 

Min Max 

Units 

IVfsl 

Magnitude of Small-Signal, 
Common-Source, Short-Circuit, 
Forward Transadmittance* 

Vds“ ~15V, Id= “10 mA, 
f=1 kHz 

1500 

4000 

1000 

4000 

jamhos 

lyosi 

Magnitude of Small-Signal, 
Common-Source, Short-Circuit, 
Output Admittance* 

Vds==- 15V, lD=-10mA, 
f=1 kHz 


250 


250 

jumhos 

Cjss 

Small-Signal, Common-Source, 
Short-Circuit, Input Capacitance* 

Vds=- 15V, lD=-10mA, 
f=1 MHz 


3.5 


3.5 

PF 

^rss 

Small-Signal, Common-Source, 
Short-Circuit, Reverse Transfer 
Capacitance* 

Vds=- 15V, lD=-10mA, 
f=1 MHz 


1.0 


1.0 

PF 

C'OSS 

Small-Signal, Common-Source, 
Short-Circuit, Output Capacitance* 

Vds=- 15V, lD=-10mA, 
f=1 MHz 


3.0 


3.0 

pF 


Noise Characteristics 


Symbol 

Parameter 

Test Conditions 

Typicai 

Units 

NF 

Common-Source Spot Noise Figure 

Vds=-15V, Id=-1 mA, 
f=1 kHz, Rg = 1 Mfl 

1.0 

dB 


Switching Characteristics Ta = 25°C BuIK (substrate) Lead connected to Source 



*Registere)j JEDEC Data 


Switching Time Detail 



INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3li188-3N191 

Dual P-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier 



FEATURES 

• Very High input Impedance 

• High Gate Breakdown 3N190-3N191 

• Zener Protected Gate 3N188-3N189 

• Low Capacitance 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

(Ta= 25*C unless otherwise noted) 

Drain-Source or Drain-Gate Voltage (Note 1) 


3N188,3N189 . 40V 

3N190,3N191 .30V 

Transient Gate-Source Voltage (Notes 1 and 2) ... ± 125V 

Gate-Gate Voltage .±80V 

Drain Current (Note 1).50mA 

Storage Temperature .-65‘’Cto+200'’C 

Operating Temperature .- 55“C to +150“C 

Lead Temperature (Soldering, 10sec) .+300“C 

Power Dissipation 

One Side . 300mW 

Both Sides . 525mW 

Total Derating above 25®C .4.2mW/®C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-99 

3N188 

3N189 

3N190 

3N191 


ELECTRICAL CHARACTERISTICS (Ta = 25®C and Vbs= 0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

3N188 

3N189 

3N190 

3N191 

Units 

Min 

Max 

Min 

Max 

Iqssr 

Gate Reverse Current 

Vgs=40 V 




10 

pA 

•gssf 

Gate Forward Current 

Vgs= -40V 


-200 


-10 

Ta=125‘‘C 


-200 


-25 

BVdss 

Drain-Source Breakdown Voltage 

Id — —10|ulA 

-40 


-40 


V 

BVsdS 

Source-Drain Breakdown Voltage 

|g= — lOjLtA, Vbd=0 

-40 


-40 


VGS(th) 

Threshold Voltage 

Vds=-15V, Id=-10)xA 

-2.0 

-5.0 

-2.0 

-5.0 

Vds="VgSi “lOju-A 

-2.0 

-5.0 

-2.0 

-5.0 

Vgs 

Gate Source Voltage 

Vds=- 15V, lD=-500jutA 

-3.0 

-6.5 

-3.0 

-6.5 

■dss 

Zero Gate Voltage Drain Current 

Vds=-15V 


-200 


-200 

pA 

ISDS 

Source Drain Current 

Vsd=-15V, Vdb = 0 


-400 


-400 


Drain-Source on Resistance 

Vds=- 20V, lD=-100jiiA 


300 




iD(on) 

On Drain Current 

Vds=-15V,Vgs=-10V 

-5.0 

-30.0 

-5.0 

-30.0 

mA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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3N188-3N191 


















3N188-3N191 


3N188-3N191 ^DSifflfii^aiL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25“C and Vbs = 0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

3N188 

3N189 

3N190 

3N191 

Units 

Min 

Max 

Min 

Max 

9fs 

Forward T ransconductance (Note 3) 

Vds=-15V, 

Id= —10mA 

f=1kHz 

1500 

4000 

1500 

4000 

JUS 

Yos 

Output Admittance 


300 


300 

Ciss 

Input Capacitance Output Shorted (Note 5) 

f=1MHz 


4.5 


4.5 

PF 

Crss 

Reverse Transfer Capacitance (Note 5) 


1.5 


1.0 

Coss 

Output Capacitance Input Shorted (Note 5) 


3.0 


3.0 


SWITCHING CHARACTERISTICS (Ta = 25°C and Vbs= 0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 

td(on) 

Turn On Delay Time 

Vdd— ~15V, !□= —10mA 

RG = RL=1-4kn (Note 5) 


15 

ns 

tr 

Rise Time 


30 

toff 

Turn Off Time 


50 


MATCHING CHARACTERISTICS (Ta = 25®C and Vbs = 0 unless otherwise specified) 3N188 and 3N190 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 

Yfsl/Yfs2 

Forward Transconductance Ratio 

Vps = - 15V, Id = - 500juiA, f = 1 kHz 

0.85 

1.0 


VgS1-2 

Gate Source Threshold Voltage Differential 

VdS= -15V, Id= -500jaA 


100 

mV 

^VgS1-2 

AT 

Gate Source Threshold Voltage Differential 
Change with Temperature (Note 4) 

Vds=- 15V, lD=-500iutA, 
T=-55‘’CtO +25"C 


100 

\xNrO 

^Vgs1-2 

AT 

Gate Source Threshold Voltage Differential 
Change with Temperature (Note 4) 

Vds=- 15V, lD=-500jaA 
T=+25"CtO +125“C 


100 

\iNro 


NOTES: 1. Per transistor. 

2. Approximately doubles for every tO^C increase in Ta- 

3. Pulse test duration=300jus; duty cycle ^3%. 

4. Measured at end points, Ta and Tb- 

5. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ID100, ID101 

Dual Low Leakage Diode 

GENERAL DESCRIPTION 

The ID100 and ID101 are monolithic dual diodes intended 
for use in applications requiring extremely low leakage cur¬ 
rents. Applications include interstage coupling with reverse 
isolation, signal clipping and clamping and protection of ul¬ 
tra low leakage FET differential dual and operational amplifi¬ 
ers. 


PIN CONFIGURATIONS 




FEATURES 

• lR = 0.1pA (Typical) 

• BVr>30V 

• Cr88=0-75pF (Typical) 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Diode Reverse Voltage.30V 

Diode to Diode Voltage.± 50V 

Forward Current .20mA 

Reverse Current .lOOjuA 

Storage Temperature Range.-65"Cto +200“C 

Operating Temperature Range.- 55“C to +150®C 

Lead Temperature (Soldering, 10sec) .+300®C 

Power Dissipation. 300mW 

Derate above 25‘’C .2.4mW/‘*C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 


T078 

T071 

ID100 

ID101 


ELECTRICAL CHARACTERISTICS (@ 25"C unless otherwise noted) 


Symboi 

Parameter 

Test Conditions 

IDIOO, ID101 

Units 

Min 

Typ 

Max 

Vf 

Forward Voltage Drop 

Ip=10mA 

0.8 



V 

BVr 

Reverse Breakdown Voltage 

lR=1fLA 




V 

Ir 

Reverse Leakage Current 

< 

3) 

II 

< 


0.1 



Vr = 10V 


2.0 

10 

Ta=125‘’C 



10 

nA 

||r1“IR2I 

Differential Leakage Current 

Vr = 10V 



3 

pA 

Crss 

Total Reverse Capacitance 

VR=10V,f=1Hz (Notel) 


0.75 

1 

PF 


NOTE 1: For design reference only, not 100% tested. 

2: Pins 3 and 5 should not be connected together nor connected to the circuit in any way. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ID100, ID101 
























IDtOOp IDIOt 


^Di^jnni^fliL 


ID100, ID101 


TYPICAL PERFORMANCE CHARACTERISTICS 


REVERSE CURRENT vs. VOLTAGE 

12 I-^-1-1-1-^- 











































;z 
































0 Ue-I—I-^-1-1- i -1 

0 5 10 15 20 25 30 

Vr(V) 


0243-3 



FORWARD CURRENT vs. VOLTAGE 



Vr(V) 


Vp (V) 


0243-4 


0243-5 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT100, IT101 

P-Channel JFET Switch 

GENERAL DESCRIPTION 

This P-channel JFET has been designed to directly inter¬ 
face with TTL logic, thus eliminating the need for costly driv¬ 
ers, in analog gate circuitry. Bipolar inputs of ± 15V can be 
switched. The FET is OFF for hi level inputs (+5V or 
+ 15V) and ON for low level inputs (<0.5 V for 
IT100,<1.5V for IT101). 


PIN CONFIGURATION 




FEATURES 

• Interfaces Directly w/TTL Logic Elements 

• rDS(on)<75n for 5V Logic Drive 

• *D(off)<100pA 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25‘*C unless otherwise noted) 

Gate-Source Voltage .35V 

Gate-Drain Voltage .35V 

Gate Current.50mA 

Storage Temperature Range.-65"Cto +200®C 

Operating Temperature Range.- 55*0 to +150"C 

Lead Temperature (Soldering, 10sec) .+300“C 

Power Dissipation. 300mW 

Derate above 25“C .2.4mW/“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
etove those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

TO-18 

IT100 

IT101 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

IT100 

IT101 

Units 

Min 

Max 

Min 

Max 

•gss 

Gate Reverse Current 

Vgs = 20V, Vds = 0 




200 



Gate-Source Breakdown Voltage 

10 = VA, Vds = 0 





D 

Vp 

Pinch Off Voltage 

lD = 1nA, Vds=-15V 

w 

mm 

4 

10 

•dss 

Drain Current 

Vgs = 0, Vds=-15V 

-10 


-20 



9fs 

Transconductance 

Vgs = 0. Vds^ —15V 

8 


8 



Qos 

Output Conductance 


1 


1 


Drain (OFF) Leakage 

Vds=-10V,Vgs==15V 


-100 


-100 

IIE9I 


Drain-Source “ON” Resistance 

Vgs = 0, Vds=-0.1V 




60 



Input Capacitance 

Vdg = - 20 V, Vgs = 0 (Note 1) 





PF 

Crss 

Reverse Transfer Capacitance 

Vdg=-10V, ls = 0(Note1) 

B 



mm 


NOTE 1: For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-75 


moo, IT101 
































11120, IT122 


IT120, IT122 

Dual NPN 

General Purpose Amplifier 



FEATURES 

• High hpE at Low Current 

• Low Output Capacitance 

• Good Matching 

• Tight Vbe Tracking 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Collector-Base Voltage (Note 1).45V 

Collector-Emitter Voltage (Note 1) .45V 

Emitter Base Voltage (Notes 1 and 2) .7V 

Collector Current (Note 1) .50mA 

Collector-Collector Voltage .60V 

Storage Temperature Range.-65®Cto H-200‘‘C 

Operating Temperature Range.-55"Cto+150‘’C 

Lead Temperature (Soldering, 10sec) .H-SOO^C 

TO-78 TO-71 


One Both One Both 

Side Sides Side Sides 

Power Dissipation 250mW 500mW 200mW 400mW 

Derate Above 


25“C. 1.7mW/“C 3.3mW/“C 1.3mW/“C 2.7mW/‘‘C 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ORDERING INFORMATION 


TO-78 

TO-71 

IT120 

IT120-TO71 

IT121 

IT121-T071 

IT122 

IT122-T071 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 


IT120A 

IT120 

IT121 



_ 


Min 

Max 

Min 

Max 

m 






Ic = 10jaA, Vqe=5.0V 





m 


m 


991 


DC Current Gain 

lc= 1.0mA, Vqe = 

5.0V 





100 


100 


IB 



lc=10/jiA, 

Ta= -55“C 

m 


m 


Q| 


091 


01 

Vbe(ON) 

Emitter-Base On Voltage 

Vce = 5.0V 



Ea 


0.7 


QQI 


m 

B 

Vce(SAT) 

Collector Saturation Voltage 

lc = 0.5mA, Ib = 0.05mA 


Oy 


IQ 


09 


09 

B 

ICBO 

Collector Cutoff Current 

Ie = 0, Vcb“45V 



10 


ID 


ID 


ID 

nA 




Ta=+150'’C 


01 


m 


ID 



1^0 

•ebo 

Emitter Cutoff Current 

lc = 0, Veb=5.0V 


ID 


m 


ID 



0S3 

Cobo 

Output Capacitance 

Ie = 0, Vcb = 5.0V 

f==1MHz 


BBI 


Q| 




09 


Cte 

Emitter Transition 
Capacitance 

lc = 0. 

Veb = 0.5V 

(Note 3) 


2.5 


2.5 

1 

■ 

■ 



CCvC2 

Collector to Collector 
Capacitance j 

< 

o 

o 

o 



4.0 


4.0 


4.0 


4.0 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT120, IT122 

ELECTRICAL CHARACTERISTICS (Ta = 25^C unless otherwise specified) 


QDiRSinii^fliL 


Symbol 

Parameter 

Test Conditions 

IT120A 

IT120 

iT121 

IT122 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


Collector to Collector 
Leakage Current 

Vcc=±60V (Note 3) 


10 


10 


10 


10 

nA 

Vceo(SUST) 

Collector to Emitter 
Sustaining Voltage 

Iq= 1.0mA, Ib=0 

45 


45 

■ 


■ 


■ 

D 

GBW 

Current Gain Bandwidth 
Product (Note 3) 

lc=10jaA,VcE=5V 

10 


m 


7 


7 


MHz 

lc= 1mA, VcE^'SV 



220 


180 




IVBE 1 -VBE 2 I 

Base Emitter Voltage 
Differential 

lc=10juiA,VcE = 5.0V 


1 


2 


3 


5 

mV 

<M 

CD 

I 

m 

Base Current Differential 


2.5 


5 


25 


25 

nA 

A(VbEi -VBE 2 ) 

Base-Emitter Voltage 
Differential Change 
with Temperature 

(Note 3) 

TA=-55-Cto +125*C 
lc=10juiA, Vce = 5.0V 


3 


5 

1 

10 

1 

20 

iuiV/*C 

AT 


NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed lOjmA. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT126-IT129 


IT126-IT129 

Monolithic Dual NPN 
General Purpose Amplifier 



FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Tight Ib Match 

• Tight Vbe Tracking 

• Dielectrically Isolated Matched Pairs for Differential 
Amplifiers 

PIN CONFIGURATION 


TO-71 

TO-78 



ORDERING INFORMATION 


T078 

TO-71 

IT126 

IT126-T071 

IT127 

IT127-T071 

IT128 

iT128-T071 

IT129 

IT129-T071 


ABSOLUTE MAXIMUM RATINGS 


(Ta= 25*C unless otherwise specified) 

Collector-Base Voltage (Note 1) 

IT126,IT127 . 60V 

IT128 . 55V 

IT129 . 45V 

Collector-Emitter Voltage (Note 1) 

IT126. IT127 . 60V 

IT128 . 55V 

IT129 . 45V 

Emitter-Base Voltage (Notes 1 and 2) .7.0V 

Collector Current (Note 1) .100mA 

Collector-Collector Voltage .70V 

Storage Temperature Range.-65“Cto+175"C 

Operating Temperature Range.-55“Cto+175'’C 

Lead Temperature (Soldering, 10sec) .+300“C 

T071 T078 


One Both One Both 

Power Dissipation Side Sides Side Sides 

Total Dissipation at 25®C 200mW 400mW 250mW 500mW 
1.3 2.7 1.7 3.3 

Derating Factor. mW/^C mW/®C mW/^C mW/*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

IT126 

iT127 

iT128 

iT129 

Units 

Min 

Max 


U231 

93 

1291 

Min 

Max 

hpE 

DC Current Gain 

Iq = 10jutA, Vqe = 5V 

BSI 


150 


93 


o 


1 

lc= 1.0mA, Vce = 5V 

BBI 

BSBl 

K!BI 

IBBI 

BBii 

1^9 

BWI 


lc=10mA, Vce = 5V 

Bc!il 


230 


93 


B9 


lc=50mA, Vce = 5V 

HBI 


100 


o 


91 


Ic = 1 mA, VcE=5V, Ta = - 55®C 

m 


mm 


91 


o 


VBE(on) 

Emitter-Base 

On Voltage 

lc=10mA, Vce = 5V 


IQ9 


139 


99 


339 


lc=50mA, Vce = 5V 


Dl 


m 




lEI 

VcE(sat) 

Collector Saturation 
Voltage 

lc=10mA, lB = 1mA 


B!BB 






19 

lc=50mA, lB = 5mA 


lEI 


m 


m 


lEI 

ICBO 

Collector Cutoff 
Current 

Ie=0, Vqb~45V, 

Vcb = 30V* (IT129), Ta= + 150"C 




ED 


ED 


BIB 




H 

m 


ED 


BO 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT12 6 - IT12 9 ^DO^Sinii^fllL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25°C unless otherwise specified) 


Symbol 

Parameter 


IT126 




Units 


Min 

^^3 


^^3 



Min 

IMI 

•ebo 

Emitter Cutoff Current 

lc = 0, Veb = 5V 


m 


m 


m 


0.1 

nA 

Cobo 

Output Capacitance (Note 3) 

Ie = 0. Vcb = 20V 


3 


3 


B 


B 


BVciC2 

Collector to Collector Breakdown 
Voltage 

o 

II 

i+ 

> 

+ 100 


±100 



■ 


■ 


VcEO(sust) 

Collector to Emitter Sustaining 
Voltage 

Iq= 1mA, Ib = 0 

60 


60 



■ 



BVcbO 

Collector Base Breakdown 

Voltage 

lc=10jaA, Ie = 0 

60 


60 



■ 


■ 

BVebO 

Emitter Base Breakdown Voltage 

lE=10jutA, lc=0 

7 


7 


7 

_ 

7 

_ 


MATCHING CHARACTERISTICS 


Symbol 

Parameter 

Test Conditions 

IT126 

iT127 



Units 

Min 

Max 



IQ 



UQ 

IVBE 1 -VBE 2 I 

Base Emitter Voltage Differential 

Iq = 1 mA, Vqe=5V 


D 

■ 

2 


3 




^(|VbEi-VbE2I) 

AT 

Base Emitter Voltage Differential 
Change with Temperature (Note 3) 

lc=1mA,VcE=5V 
TA=-55“Cto +125“C 

■ 

D 

■ 



10 

■ 

B 


CM 

_cp 

Base Current Differential 

lc=10iLLA,VcE = 5V 


m 


5 


Bl 


wst 

nA 

lc=1mA,VcE = 5V 


0.25 


IQ 


m 





NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed lOjmA. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT130-IT132 


IT130-IT132 

Monolithic Dual PNP 
General Purpose Amplifier 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25"C unless otherwise specified) 

Collector-Base Voltage (Note 1) .45V 

Collector-Emitter Voltage (Note 1) .45V 

Emitter Base Voltage (Notes 1 and 2) .7V 

Collector Current (Note 1) .50mA 

Collector-Collector Voltage .60V 

Storage Temperature Range.,_-65*C to +175^ 

Operating Temperature Range.-55*Cto+175‘*C 

Lead Temperature (Soldering, 10sec) .+300“C 

_ TO-71 _ TO-78 _ 

One Both One Both 

Side Sides Side Sides 

200mW 400mW 250mW 500mW 

Power 

Dissipation 1.3mW/*»C 2.7mWrC UrnWrC 3.3mW/‘’C 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 


TO-78 

TO-71 

IT130A 

IT130A-TO71 

IT130 

1T130-TO71 

IT131 

IT131-T071 

IT132 

IT132-T071 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

IT130A 

IT130 

IT131 

IT132 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

hpE 

DC Current Gain 

lc=10jutA,VcE = 5.0V 

200 


Qj 


80 


80 


1 

lc= 1.0mA, VcE = 5.0 V 

225 


1^ 




BE 


Ic=10juiA,Vce = 5.0V, 
Ta= -55‘’C 

75 





■ 


■ 

Vbe(ON) 

Emitter-Base On Voltage 

lc=10iLiA,VcE = 5.0V 


EO 


[Q9 


j^QI 


litt 


Vce(SAT) 

Collector Saturation Voltage 

lc=0.5mA, Ib = 0.05mA 


IQI 


0.5 


0.5 




Collector Cutoff Current 

Ie = 0, Vcb“45V, 

Ta= + 150*C 


HQ 


-1.0 




Hl!l 


■ 

BD3 


BEI 


-10 




•ebo 

Emitter Cutoff Current 

lc=0, Veb = 5.0V 


QQ 


HS 


BEI 


-1.0 



Output Capacitance 

Ie = 0,Vcb = 5.0V 




IQI 

■ 

1^1 


SOI 


Cte (Note 3) 

Emitter Transition Capacitance 

Ic = 0,Veb = 0.5V 


m 


m 


m 


m 


Collector to Collector 
Capacitance 

Vcc = 0 

■ 


■ 


■ 


■ 



FEATURES 

• High hpE at Low Current 

• Low Output Capacitance 

• Tight Ib Match 

• Tight Vbe Tracking 

PIN CONFIGURATIONS 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT130-IT132 


^fllFjnnsi^fllL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25*^0 unless otherwise specified) 



Parameter 

Test Conditions 

iT130A 




Units 


ffffi 

PJJj 


ifflW 

05 


00 [| 


Collector to Collector Leakage 

Current 


■ 

10 

■ 


■ 


■ 

10 

nA 




-45 

■ 


■ 

-45 


-45 


V 

GBW 

Current Gain 

Bandwidth Product (Note 3) 

lc=10jULA.VcE = 5V 

5 


5 


4 


4 


MHz 

Ic= 1 mA, VcE “ 

HH 

■ 

BH 


90 


90 



Base Emitter Voltage 

Differential 

lc=10jULA.VcE=5.0V 


1 


2 


3 


5 

mV 

1 

CD 

ro 

Base Current Differential 

Ic=10|ulA, Vce=5.0V 


m 


5 


m 


Q 

nA 

A(VBErVBE2)/^T 

Base-Emitter Voltage 

Differential Change with 

Temperature (Note 3) 

TA=-55‘‘CtO +125“C 
lc=10jLtA.VcE=5.0V 


3 



1 

10 

1 

20 

|LlV/*C 


NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0V, and the reverse base-to-emitter current must never exceed lOjuA. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT136-IT139 


IT136-IT139 

Monolithic Dual PNP 
Generai Purpose Amplifier 



FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Tight ig Match 

• Tight Vbe Tracking 

• Dielectrically Isolated Matched Pairs for Differential 
Amplifiers 

PIN CONFIGURATION 



ORDERING INFORMATION 


TO-78 

TO-71 

IT136 

IT136-T071 

IT137 

IT137-T071 

IT138 

IT138-T071 

IT139 

IT139-T071 


ABSOLUTE MAXIMUM RATINGS 


(Ta = 25°C unless otherwise noted) 

Collector-Base Voltage (Note 1) 

IT136, IT137 . 60V 

IT138 . 55V 

IT139 . 45V 

Collector-Emitter Voltage (Note 1) 

IT136. IT137 . 60V 

IT 138 . 55V 

ill 39 . 45V 

Emitter Base Voltage (Notes 1 and 2) .7V 

Collector Current (Note 1) .100mA 

Collector-Collector Voltage .70V 

Storage Temperature Range.-65°Cto +175“C 

Operating Temperature Range.-55'’C to + 175®C 

Lead Temperature (Soldering, lOsec) .+300“C 

TO-71 TO-78 


One Both One Both 

Side Sides Side Sides 

Power 


Dissipation ... 200mW 400mW 250mW 500mW 

Derate 

above 25°C .. 1.3mW/“C 2.7mW/°C 1.7mW/°C 3.3mW/"C 
NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 





Units 









hpE 

DC Current Gain 

Ic == 1 OjliA, Vqe = 5V 

150 






o 


HI 

lc= 1.0mA, Vce = 5V 

150 

800 





o 


HI 

Ic = 10mA, Vqe = 5V 

125 


125 




1^91 


Hi 

lc=50mA, Vce=5V 

65 


E9 






HI 

lc=1mA, Vce = 5V 

Ta = 55‘’C 

75 



■ 


■ 




VBE(on) 

Emitter-Base On Voltage 

lc=10mA,VcE = 5V 


.9 


.9 




.9 


lc=50mA, Vce = 5V 


1.0 




1.0 



VcE(sat) 

Collector Saturation Voltage 

lc=1mA, lB=.1mA 


.3 


.3 





lc= 10mA, Ib = 1mA 


.6 



H 

.6 


.6 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT136-IT139 


SSDINnnii^OIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 2S*C unless otherwise specified) 


Symbol 

Parameter 

Teat Conditions 

iT136 

iT137 

IT138 

IT139 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

•CBO 

Collector Cutoff 

Current 

Ie = 0,Vcb = 45V, 
Vcd = 30V* (IT139), 
Ta=+150‘»C 


0.1 


0.1 


0.1 


0.1* 

nA 


0.1 


0.1 


0.1 


0.1* 

juiA 

Iebo 

Emitter Cutoff 

Current 

lc=0. Veb = 5V 


0.1 


0.1 


0.1 


0.1 

nA 

Cobo 

Output Capacitance 
(Note 3) 

Ie = 0. Vcb = 20V, 
f=1MHz 


3 


3 


3 


3 

PF 


Collector to Collector 
Breakdown Voltage 


±100 


±100 


±100 


±100 


V 

VcEO(sust) 

Collector to Emitter 
Sustaining Voltage 


60 


60 


55 


45 


BVcbO 

Collector Base 
Breakdown Voltage 

lc= lOjiiA, Ie = 0 

60 


60 


55 


45 


BVebO 

Emitter Base 

Breakdown Voltage 

Ie= lOjuA, lc = 0 

7 


7 


7 


7 


IVBE1-VBE2I 

Base Emitter 

Voltage Differential 

lc=1mA,VcE = 5V 


1 


2 


3 


5 

mV 

AI (VbEi“VbE 2)I 

Base Emitter Voltage 
Differential Change with 
Temperature (Note 3) 

Ic = 1 mA, VcE = 5V 
Ta=-55“C to 
+ 125'*C 


3 


5 


10 


20 

jaV/“C 

AT 

<M 

Base Current Differential 

lc=10|aA. Vce = 5V 


2.5 


5 


10 


20 

nA 

lc=1mA, Vce = 5V 


.25 


.5 


1.0 


2.0 

jaA 


NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed 10ju,A. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT500-IT505 


IT500-IT505 

Monolithic Dual Cascoded 
N-Channel JFET General 
Purpose Amplifier 

GENERAL DESCRIPTION 

A low noise, low leakage FET that employs a cascode 
structure to accomplish very low Iq at high voltage levels, 
while giving high transconductance and very high common, 
mode rejection ratio. 

PIN CONFIGURATION 



SCHEMATIC DIAGRAM 



0250-2 



FEATURES 

• CMRR>120dB 

• lG<5pA @ 50 Vdg 

• Cr8s<0.5pF 

• go8>-025jas 

ABSOLUTE MAXIMUM RATINGS 

(Ta= 25®C unless otherwise specified) 


Drain-Source and Drain-Gate 

Voltages (Note 1).60V 

Drain Current (Note 1).50mA 

Gate-Gate Voltage .± 60V 

Storage Temperature .— 65°Cto+200®C 

Operating Temperature .- 55“C to +150®C 

Lead Temperature (Soldering, 10sec) .+300“C 


One Side Both Sides 

Power Dissipation (Note 3) .... 250mW 500mW 

Derate above 25“C. 3.8mW/°C y.TmW/^C 

NOTE1. Per transistor. 

NOTE 2. Due to the non-symmetrical structure of these devices, the drain 
and source ARE NOT interchangeable. 

NOTE 3. @ SS^C free air temp. 

NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
impiied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 

ORDERING INFORMATION 


TO-71 

IT500 

IT501 

IT502 

IT503 

IT504 

IT505 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT500-IT505 


^DIMuli^DIL 

ELECTRICAL CHARACTERISTICS (Ta = 25'’C unless otherwise specified) 


Symbol 

Characteristics 


■■■mi 




•gss 

Gate Reverse Current 

Vgs = - 20V. Vds=0, Ta = 125“C 


-100 

pA 


-5 

nA 

BVgsS 

Gate-Source Breakdown Voltage 

\Q=-^fxA, Vds = 0 

-50 


1 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds= 20V, lD=inA 


-4 

Vgs 

Gate-Source Voltage 

Vdg = 35V, Id = 200juiA,Ta=125"C 

BBS 


Ig 

Gate Operating Current 


-5 

BB 


-5 

nA 

loss 

Saturation Drain Current (Note 1) 

Vds=20 V, Vgs=o 

0.7 

7 

mA 

9fs 

Common-Source Forward Transconductance (Note 1) 

Vds = 20 V, Vgs=o 

f=1kHz 

1000 

4000 

JUS 

9fs 

Common-Source Forward Transconductance (Note 1) 

Vdg = 20V, lD = 200jaA 

500 

1600 

9os 

Common-Source Output Conductance 

Vds=20 V, Vgs=o 


1 

9os 

Common-Source Output Conductance 

Vds = 20V, Id = 200juiA 


0.025 

Cglg2 

Gate to Gate Capacitance (Note 4) 

Vgi=Vg2=10V 

f=1MH2 


3.5 

PF 

Cjss 

Common-Source Input Capacitance (Note 4) 

Vds=20V, Vgs=o 


7 

PF 

Crss 

Common-Source Reverse Transfer Capacitance 
(Note 3,4) 


0.5 

NF 

Spot Noise Figure (Note 4) 

f= 100Hz, 
Rg=10M(1 


0.5 

dB 

in 

Equivalent Input Noise Voltage (Note 4) 

f=10Hz 


50 

Hi 

^/Hz 

f=1kHz 


15 


Symbol 

Characteristics 

Test Conditions 

IT500 

iTSOI 

iT502 

IT503 

IT504 

iT505 

Units 

i 




in 

223 




212 

223 

223 

iGi-lca 

Differential Gate 
Current 

Vdg = 20V, 

lD = 200jLiA,TA=125'’C 


5 


5 


5 


5 


10 


15 

nA 

•dssi 

Idss2 

Saturation Drain 
Current Ratio 
(Note 1) 

Vds=20 V, Vgs=0V 

0.95 

1 

0.95 

1 

0.95 

1 

0.95 

1 

0.9 

1 

0.85 

1 


9fsl/9fs2 

Transconductance 
Ratio (Note 1) 

f = 1kHz 

0.97 

1 

0.97 

1 

0.95 

1 

0.95 

1 

0.90 

1 

0.85 

1 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT500-IT505 















IT500-IT505 


IT500-IT505 


^OIKSini^DOL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta= 25°C unless othenvise specified) 



Characteristics 

Test Conditions 

iT500 

iTSOI 

IT502 

iT503 

iT504 

iT505 


[JUI 

1^3 

[jumi 







dS 

[JIIJI 

TO 

VgS1-VgS2 

Differential Gate- 
Source Voltage 

Vdg = 20V 

Id = 200jliA 




■ 

5 


10 


15 

■ 


■ 



AVgsi -VgS2 

Gate-Source Differ¬ 
ential Voltage 

Ta = 25“C 
Tb=125“C 


5 


10 


20 


40 

■ 


■ 



AT 

Change with Temp. 
(Note 2.4) 

Ta=-55“C 
Tb = 25“C 



■ 

D 

■ 


■ 


■ 


■ 


Cmrr 
(N ote 5) 

Common Mode 
Rejection 

Ratio (Note 4) 

A Vdd= 10V, lD = 200jaA 

120 



1 


1 


1 

120 

B 


1 

dB 


NOTES: 1. Pulse test required, pulsewidth = 300ju,s, duty cycle 3%. 

2. Measured at end points, Ta and Tb- 

3. With case guarded Crss is typically <0.15pF. 

4. For design reference only, not 100% tested. 

5- Cmrr = 20 logioAVoo/A [Vgsi-Vgs2], AVdd = 10/-20V 

TYPICAL PERFORMANCE CHARACTERISTICS 


GATE LEAKAGE 

5 , y I j I 




i 

lO * 200/iA 




Ta* 

25'C 

I 





\L 




_ J 


___ 

=d 





10 20 30 40 50 60 

Voo-ORAIN-QATE VOLTAGE - VOLTS 


OUTPUT CHARACTERISTICS 




1 

Vgs * OV 


~~L 

* 

VGS--0 2V 



vgs*-o*v 




Vgs--06V 




Vgs -'-0 8v 




Vgs'-IOV 




VQS--12V. 


f 


Vgs--’;6V 

Vgs-- lev 





w . 




0 2 4 6 8 10 

DRAIN TO SOURCE VOLTAGE 


0250-4 


OUTPUT CHARACTERISTICS 



0 -0.5 -1.0 -1.5 -2.0 -2.6 

Vos-QATE-SOURCE VOLTAGE-VOLTS 

0250-6 


TYPICAL CAPACITANCE VS. 
GATE-SOURCE VOLTAGE 



Vos-GATE SOURCE VOLTAGE-VOLTS 


0250-5 


0250-7 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT1700 

P-Channei 

Enhancement Mode MOSFET 
General Purpose Amplifier 



FEATURES 

• Low ON-Resistance 

• High Gain 

• Low Noise Voltage 

• High input Impedance 

• Low Leakage 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25‘’C unless otherwise noted) 

Drain-Source and Gate-Source Voltage .-40V 

Peak Gate-Source Voltage (Note 1) .±125V 

Drain Current.50mA 

Storage Temperature .-65“C to+200“C 

Operating Temperature Range.-55“Cto+150“C 

Lead Temperature (Soldering, tOsec) .-f300°C 

Power Dissipation. 375mW 

Derate above 25‘’C .3mW/°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 


IT1700 


ELECTRICAL CHARACTERISTICS (Ta = 25*C and Vbs=0 unless otherwise specified) 


bbi 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 


Drain to Source Breakdown Voltage 

Vgs = 0. ID“ -lOjbiA 

-40 


V 


Source to Drain Breakdown Voltage 

VgS = 0, lD=-10juiA 

-40 


v 


Gate Leakage Current 


(See note 2) 

loss 

Drain to Source Leakage Current 



200 


•dss (1 SO^C) 

Drain to Source Leakage Current 


0.4 


ISDS 

Source to Drain Leakage Current 


400 



Source to Drain Leakage Current 


0.8 

jixA 


Gate Threshold Voltage 


-2 

-5 

V 

rDSfon) 

Static Drain to Source “on” Resistance 

Vgs= -10V, Vds = 0 


400 

ohms 

iDs(on) 

Drain to Source “on” Current 

Vgs=-10V, Vds=-15V 

2 


mA 

Qfs 

Forward Transconductance Common Source 

VdS=- 15V, lD=-10mA 
f=1kHz 

2000 

4000 

]XS 

Cjss 

Small Signal, Short Circuit, Common Source, 
Input Capacitance 

Vds= “15V, lD=-10mA 
f=1MHz (Notes) 


5 

PF 

CfSS 

Small Signal, Short Circuit, Common Source, 
Reverse Transfer Capacitance 

Vdg=-15V, Id = 0 
f=1MHz (Note 3) 


1.2 

PF 

Coss 

Small Signal, Short Circuit, Common Source, 
Output Capacitance 

Vds=- 15V, lD=-10mA 
f=1MHz (Notes) 


3.5 

pF 


NOTES: 1. Device must not be tested at +125V more than once nor longer than 300ms. 

2. Actual gate current is immeasurable. Package suppliers are required to guarantee a package leakage of<10pA. External package leakage is the 
dominant mode which is sensitive to both transient and storage environment, which cannot be guaranteed. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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IT1750 


IT1750 

N~Channel 

Enhancement Mode MOSFET 
General Purpose Amplifier Switch 



FEATURES 

• Low ON Resistance 

• Low Cdg 

• High Gain 

• Low Threshold Voltage 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25'’C unless otherwise noted) 

Drain-Source and Gate-Source Voltage .25V 

Peak Gate-Source Voltage (Note 1) .±125V 

DrainCurrent .100mA 

Storage Temperature Range.-65“Cto +200*C 

Operating Temperature Range.-55*0^+150“C 

Lead Temperature (Soldering, lOsec) .+300'’C 

Power Dissipation . 375mW 

Derate above 25'’C .3mW/*C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-72 


IT1750 


ELECTRICAL CHARACTERISTICS 

(Ta= 25“C, Body connected to Source and Vbs= 0 unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 

VGS(th) 

Gate to Source Threshold Voltage 

Vds^Vqs, lD=10jaA 


3.0 

V 

loss 

Drain Leakage Current 

Vds=10V. Vgs = 0 


10 

nA 

Igss 

Gate Leakage Current 


See note 2. 

bVdss 

Drain Breakdown Voltage 

lD=10ju.A. Vgs = 0 

25 


V 

l'DS(on) 

Drain To Source on Resistance 

Vgs = 20V 


50 

ohms 

•□(on) 

Drain Current 

Vds=Vgs=iov 

10 


mA 

Yfs 

Forward Transadmittance 

Vds ~ "I OV, 10 = 10 mA, 
f= 1 kHz 

3,000 


jxS 

Cjss 

Total Gate Input Capacitance 

Id = 10 mA, Vqs 10 V, 
f=1MHz (Note 3) 


6.0 

pF 

Cdg 

Gate to Drain Capacitance 

Vdg = 1 OV, f = 1 MHz (Note 3) 


1.6 

pF 


NOTES: 1. Devices must not be tested at ± 125V more than once nor longer than 300ms. 

2. Actual gate current is immeasurable. Package suppliers are required to guarantee a package leakage of<10pA. External package leakage is the 
dominant mode which is sensitive to both transient and storage environment, which cannot be guaranteed. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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J105-J107 

N-Channel JFET Switch 


FEATURES 

• Low rDS(on) 

PIN CONFIGURATION 




APPLICATIONS 

• Analog Switches 

• Choppers 

• Commutators 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage .-25V 

Gate Current.50mA 

Storage Temperature Range.-55®Cto +150''C 

Operating Temperature Range.-55*0^+135*C 

Lead Temperature (Soldering, 10sec) .+300'’C 

Power Dissipation . 360mW 

Derate above 25®C .3.3mW/®C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

~092 

J105 

J106 

J107 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

J105 

J106 

J107 

Units 


BH 


I2QI 

BB 



BH 


less 

Gate-Reverse Current (Note 1) 

Vds = 0V. Vgs=-15V 



-3 



-3 



1 


VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 5V, \o=^^lA 

m 


-10 

-2 


B1 





BVqss 

Gate-Source Breakdown Voltage 

VdS = 0V, lG=-1fxA 

m 









loss 

Drain Saturation Current (Note 2) 

Vds=15V, Vgs = 0V 







IQI 




iD(off) 

Drain Cutoff Current (Note 1) 

Vds = 5V, Vgs=-iov 



3 



11 



■B 

llQillllll 

rDS(on) 

Drain source ON Resistance 

Vds^O.IV, Vgs = 0V 



11 



6 



8 

1^9 

Cdg(off) 

Drain Gate OFF Capacitance 

Vds = 0V. 
Vgs=-10V 

(Note 3) 

f=1MHz 



IQI 








Csg(off) 

Source Gate OFF Capacitance 


■ 



B 




35 

Cdg(on) 

+ Csg(on) 

Drain Gate plus Source 

Gate ON Capacitance 

(Note 3) 

Vds = Vgs = 0V 


■ 




160 




td(on) 

Turn On Delay Time 

Switching Time-Test 

Conditions (Note 3) 

J105 J106 J107 


D 

■ 


15 



B 



EHH 

Rise Time 


K»1 






KiB 



Turn Off Delay Time 

Vdd 1.5V 1.5V 1.5V 

VGS(off) -12V -7V -5V 

Rl 5on 50« 5on 


B 

■ 



B 


B 


OHI 

Fall Time 



_ 



_ 





NOTES: 1. Approximately doubles for every 10*0 increase in Ta- 

2. Pulse test duration =300jlis; duty cycle ^3%. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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J108-J110 


J108-J110 

N-Channel JFET Switch 



FEATURES 

• Low Cost 

• Automated Insertion Package 

• Low Insertion Loss 

• No Offset or Error Voltages Generated by Closed 
Switch 

Purely Resistive 

High Isolation Resistance from Driver 

• Fast Switching 

• Low Noise 

ABSOLUTE MAXIMUM RATINGS 

(Ta = 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.-26V 

Gate Current.50mA 

Storage Temperature Range.-55"C to + ISO^C 

Operating Temperature Range.-55“C to + 135*C 

Lead Temperature (Soldering, 10sec).+300®C 

Power Dissipation. 360mW 

Derate above 25“C .3.3mW/“C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta = 25®c unless otherwise specified) 


Symbol 

Parameter 




J110 


IJIQQI 

EB3 


[JIIJ 

EM 



BS 

02} 

Iqss 

Gate Reverse Current (Note 1) 

Vds=0V, Vgs=-15V 

■ 

■ 

m 

BH 

■ 

m 

m 

■ 

m 

IQJI 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 5V, !D = 1jtAA 

m 



B^ 

■ 

-6 



-4 

V 

BVqsS 

Gate-Source Breakdown Voltage 

Vds = 0V, lG=~1jttA 

m 






-25 




Drain Saturation Current (Note 2) 

Vds=15V. Vgs = 0V 

n 



m 



10 



miQiii 

iD(off) 

Drain Cutoff Current (Note 1) 

Vds = 5V. Vgs=-10V 



B 



3 



B 

moj} 

!'DS(on) 

Drain-Source ON Resistance 

Vds^0.1V.Vgs = 0V 



8 



12 



18 

ft 

Cdg(off) 

Drain-Gate OFF Capacitance 

Vds = 0V, Vgs=- 10V 
(Note 3) 


■ 

■ 

B 

m 


15 



m 

PF 

Csg(off) 

Source-Gate OFF Capacitance 


■ 

B 

B 


15 



19 

^dg(on) 

+ 

^sg(on) 

Drain-Gate Plus Source- 
Gate ON Capacitance 

Vds==Vgs = 0 
(Note 3) 

1 

1 

0 

1 


85 

1 

1 


fd(on) 

Turn ON Delay Time 

Switching Time Test Conditions 
(Note 3) 

J108 J109 J110 

Vdd 1-5V 1.5V 1.5V 

VGS(off) -12V -7V -5V 

Rl i5oa i5on 150ft 


4 


B 

4 



B 



tr 

Rise Time 


n 

B 

i 

1 



1 


td(off) 

Turn OFF Delay Time 


B 

B 

B 

6 



6 


tf 

Fall Time 

■ 

Qj 

B 

■ 

11^ 



Qj 

B 


NOTE 1: Approximately doubles for every 10°C Increase In Ta- 
2: Pulse test duration = 300ju,s: duty cycle 3%. 

3: For design reference only, not 100% tested. 


APPLICATIONS 

• Analog Switches 

• Choppers 

• Commutators 

• Low-Noise Audio Amplifiers 

PIN CONFIGURATION 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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J111-J113 

N-Channel JFET Switch 

FEATURES 

• Low Cost 

• Automated Insertion Package 

• Low Insertion Loss 

• No Offset or Error Voltage Generated By Closed 
Switch 

—Purely Resistive 

—High Isolation Resistance From Driver 

• Fast Switching 

• Short Sample and Hold Aperture Time 

PIN CONFIGURATION 




APPLICATIONS 

• Analog Switches 

• Choppers 

• Commutators 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage .-35V 

Gate Current.50mA 

Storage Temperature Range.-55“Cto +150“C 

Operating Temperature Range.- 55®C to +135®C 

Lead Temperature (Soldering, 10sec) .-f-300“C 

Power Dissipation. 360mW 

Derate Above 25“C .3.3mW/‘’C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 

ORDERING INFORMATION 


TO-92 

J111 

J112 

J113 


ELECTRICAL CHARACTERISTICS (Ta = 25'’C unless otherwise specified) 


Symbol 

Parameter 


Jill 

J112 


Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Iqssr 

Gate Reverse Current (Note 1) 

Vds = 0V, Vgs=-15V 



-1 



-1 



BI 



Gate Source Cutoff Voltage 

Vds=5V,Id=1/xA 

-3 


HQ 

-1 


Bi 

QHl 


-3 

■ 


Gate Source Breakdown Voltage 

Vds= 0V, lQ=-1jLtA 







QIIH 




Drain Saturation Current (Note 2) 

Vds=15V, Vgs = 0V 

HI 



D 



2 



IQQI 


Drain Cutoff Current (Note 1) 

Vds = 5V, Vgs=-10V 



1 



1 



1 

QQI 

l'DS(on) 

Drain Source ON 

Resistance 

Vds = 0.1V, Vgs = 0V 




■ 





100 

n 

Cdg(off) 

Drain Gate OFF Capacitance 

Vds = 0V, 
Vgs=- 10V 
(Note 3) 

f=1MHz 



5 



B 



5 

1 


Source Gate OFF 

Capacitance 



5 



5 



D 

Hi 

Drain Gate Plus Source 

Gate ON Capacitance 

VdS = Vgs = 0 
(Note 3) 



28 


■ 

■ 



■ 

td(on) 

Turn On Delay Time 

Switching Time-Test 

Conditions (Note 3) 

J111 J112 J113 


7 



7 



7 


1 

tr 

Rise Time 


6 



6 



6 


td(off) 

Turn Off Delay Time 

Vdd 10V 10V 10V 

VGS(off) -12V -7V -5V 

Rl O.Skn 1 . 6 kn 3.2kn 


20 

■ 

■ 

20 





tf 

Fall Time 


15 

_ 

_ 

la 



o 



NOTES: 1. Approximately doubles for every 10*0 increase in Ta- 

2. Pulse Test duration 300jj,s; duty cycle^3%. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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J174-J177 


J174-J177 

P-Channel JFET Switch 


FEATURES 

• Low Insertion Loss 

• No Offset or Error Generated By Closed Switch 
—Purely Resistive 

—High Isolation Resistance From Driver 

• Short Sample and Hold Aperture Time 

• Fast Switching 

PIN CONFIGURATION 




APPLICATIONS 

• Analog Switches 

• Choppers 

• Commutators 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.30V 

Gate Current.50mA 

Storage Temperature Range.-SS^Cto+150“C 

Operating Temperature Range.-55“Cto+135'*C 

Lead Temperature (Soldering, 10sec) . 300*C 

Power Dissipation. 350mW 

Derate above 25“C .3.3mW/'’C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-92 

J17X 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

J174 

J175 

J176 

J177 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

loss 

Gate Reverse Current 
(Note 1) 

VdS = 0.Vgs = 20V 



1 



1 



1 



1 

nA 

VGS(off) 

Gate Source Cutoff 
Voltage 

Vds=- 15V, lD=-10nA 

5 


10 

3 


6 

1 


4 

0.8 


2.25 

V 

BVqsS 

Gate Source 
Breakdown Voltage 

Vds = 0. Ig = Im-A 

30 



30 



30 



30 



loss 

Drain Saturation 
Current (Note 2) 

Vds=-15V, Vgs = 0 

-20 


-135 

-7 


-70 

-2 


-35 

-1.5 


-20 

mA 

iD(off) 

Drain Cutoff Current 
(Note 1) 

Vds=-15V. Vgs = 10V 



-1 



-1 



-1 



-1 

nA 

'■DS(on) 

Drain-Source ON 
Resistance 

Vgs = 0. Vds=-0.1V 



85 



125 



250 



300 

ft 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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J174-J177 ^DBm^DIL 


ELECTRICAL CHARACTERISTICS (Continued) 


Symbol 

Parameter 

Test Conditions 

J174 

J175 

J176 

J177 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Cdg(off) 

Drain-Gate OFF 
Capacitance 

Vds = 0. 

Vgs=10V 



5.5 



5.5 



5.5 



5.5 


PF 

Csg(off) 

Source-Gate OFF 
Capacitance 


5.5 



5.5 



5.5 



5.5 


Cdg(on) 

+ Csg(on) 

Drain-Gate Plus Source 
Gate ON Capacitance 

< 

il 

< 

o 

01 

II 

o 


32 



32 



32 



32 



Turn On Delay Time 

Switching Time Test Conditions 



2 



5 



15 



20 





(Note 3) J174 

J175 

J176 

J177 














tr 

Rise Time 

Vdd -10V 

- 

6 V 

-6V 

-6V 


5 



10 



20 



25 


ns 

td(off) 

Turn Off Delay Time 

VGS(off) 12V 
R|_ fifiO-0, 

8V 

12 kQ 

3V 

5j6kll 

3V 

lOkn 


5 



10 



15 



20 



■ 

Fall Time 

VGS(on) OV 

OV 

OV 

OV 


10 



20 



20 



25 




NOTES: 1. Approximately doubles for every tO^C increase in Ta- 

2. Pulse test duration -300|xs; duty cycle^3%. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-93 


J174-J177 






J201-J204 


J201-J204 

N-Channel JFET 
General Purpose Amplifier 

FEATURES 

• High Input Impedance 

• Low Iqss 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage.-40V 

Gate Current.50mA 

Storage Temperature Range.- 55“C to +1 SO^C 

Operating Temperature Range.-55“Cto+135‘’C 

Lead Temperature (Soldering, 10sec) .+300‘’C 

Power Dissipation. 360mW 

Derate above 25®C .3.3mW/‘’C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-92 


J201 


J202 


J203 


J204 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 


J201 

J202 

J203 

J204 

Units 




GS3 

UIIJJI 

IQQI 

PH 

[J511 

IQI 

PH 


UQ 

BH 

1^31 



Vds=0, Vqs 

= -20V 




■ 

■ 

QQI 

■ 


-100 




Q 




gjQQlllll 

mi 


-1.5 

QQ 

■ 

nm 


■ 

-10.0 

-0.3 




BVqss 

Gate-Source Breakdown 
Voltage 

Vqs = 0, Iq = 1 ju,A 





■ 

■ 

BjS 

■ 











1.0 

0.9 

■ 

D 


■ 

20 

0.2 

D 

















QQI 


m 









■ 



■ 






9os 

Common Source Output 
Conductance 


■ 


1 

■ 

■ 

j^j 


■ 

B 


■ 

H 



Common-Source Input 
Conductance 


f=1MHz 


4 



4 



4 



4 


PF 


Common-Source Reverse 
Transfer Capacitance 


(Note 3) 


1 



1 



1 



1 


■ 

Equivalent Short-Circuit 
Input Noise Voltage 

Vds=10V, 
Vgs = 0 

f=1kHz 
(Note 3) 


B 

■ 


5 



5 


B 

m 

■ 

SMI 

^1 


NOTES: 1. Approximately doubles for every 10®C increase in Ta- 

2. Pulse test duration=2ms. 

3. For design reference only, not 100% tested. 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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J308-J310 

N-Channel JFET 
High Frequency Amplifier 



APPLICATIONS 

• VHF/UHF Amplifiers 

• Oscillators 

• Mixers 

ABSOLUTE MAXIMUM RATINGS 

(Ta= 25‘’C unless otherwise noted) 

Drain-Gate Voltage .-25V 

Drain-Source Voltage .-25V 

Continuous Fonvard Gate Current .-10mA 

Storage Temperature Range.-55’'Cto +150®C 

Operating Temperature Range.-55°Cto + 135®C 

Lead Temperature (Soldering, 10sec) .+300°C 

Power Dissipation. 360mW 

Derate above 25"C .3.27mW/°C 

ORDERING INFORMATION 


TO-92 

J3XX 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Ta = 25"C unless otherwise specified) 


Symbol 

Parameter 

Tact r^nnrlitinne 

J308 

J309 

J310 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

BVqsS 

Gate-Source 

Breakdown Voltage 

Ig=-VA. 

Vds=o 

-25 



-25 



-25 



V 

Iqss 

Gate Reverse Current 

Vgs=-15V. 



-1.0 



-1.0 



-1.0 

nA 



Vds = 0 

Ta=125“C 



-1.0 



-1.0 



-1.0 

JLtA 

f 

CO 

Gate-Source 

Cutoff Voltage 

Vds=10V. 

!□= InA 

-1.0 


-6.5 

-1.0 


-4.0 

-2.0 


-6.5 

V 

loss 

Saturation Drain 

Current (Note 1) 

Vds=10V. 

Vgs = 0 

12 


60 

12 


30 

24 


60 

mA 

VGS(f) 

Gate-Source Forward 
Voltage 

Vds = 0i 

Iq = 1 mA 



1.0 



1.0 



1.0 

V 

Ofs 

Common-Source Forward 
Transconductance 



8,000 

17,000 


10,000 

17,000 


8,000 

17,000 



9os 

Common-Source Output 
Conductance 

Vds=10V 

f=1kHz 



250 



250 



250 

jaS 

Qfg 

Common-Gate Forward 
Transconductance 

Id = 10mA 



13,000 



13,000 



12,000 


9og 

Common Gate Output 
Conductance 

(Note 2) 



150 



150 



150 




FEATURES 

• Industry Standard Part in Low Cost Plastic Package 

• High Power Gain 

• Low Noise 

• Dynamic Range Greater Than lOOdB 

• Easily Matched to 7511 Input 

PIN CONFIGURATION 





INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-95 


J308-J310 

















J308-J310 


J 308 -J 310 ^DIMinii^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25“C unless otherwise specified) 



Parameter 

Test Conditions 

J308 

J309 

J310 


[J33 


[^3 

IM 

PH 


JUjjj 

ESS 

C^SI 


Gate-Drain Capacitance 




m 

m 


IQ 

m 


B3 

m 

pF 


Gate-Source Capacitance 





EQ 



BEI 

lEQ 


Equivalent Short-Circuit 

Input Noise Voltage 

Vds=10V, 

Id = 10mA 


■ 


■ 

■ 

10 






Re(vfs) 

Common-Source Forward 
Transconductance 

Vds=10V, 

Id = 10mA 
(Note 2) 

f= 106MHz 

■ 




12 



12 


flS 

Re(vfg) 

Common-Gate Input 
Conductance 


14 

■ 

■ 

14 



14 


Re(Vis) 

Common-Source Input 
Conductance 

■ 


■ 

■ 

0.4 





R©(Vos) 

Common-Source Output 
Conductance 


0.15 



0.15 





Gpg 

Common-Gate Power Gain 
at Noise Match 


16 

■ 

■ 


■ 




dB 

NF 

Noise Figure 


m 



3131 



1.5 


®pg 

Common-Gate Power Gain 
at Noise Match 

f=450MHz 


11 



11 



11 


NF 

Noise Figure 


m 



2.7 



m 



NOTES: 1. Pulse test PW 300ju,s, duty cycle 3%. 

2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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LM114/H, LM114A/AH 

Monolithic Dual NPN 
General Purpose Amplifier 



GENERAL DESCRIPTION 

These devices contain a pair of junction-isolated NPN 
transistors fabricated on a single silicon substrate. This 
monolithic structure makes possible extremely tight param¬ 
eter matching at low cost. Further, advanced processing 
techniques yield exceptionally high current gains at low col¬ 
lector currents, virtual elimination of “popcorn noise,” low 
leakages and improved long-term stability. 

Although designed primarily for high breakdown voltage 
and exceptional DC characteristics, these transistors have 
surprisingly good high-frequency performance. The gain- 
bandwidth product is 300MHz with 1mA collector current 
and 5V collector-base voltage and 22MHz with lOjmA collec¬ 
tor current. Typical collector-base capacitance Is only 1.6 
pF at 5V. 


PIN CONFIGURATION 



ELECTRICAL CHARACTERISTICS (note 2) 


FEATURES 

• Low Offset Voltage 

• Low Drift 

• High Current Gain 

• Tight Beta Match 

• High Breakdown Voltage 

• Matching Guaranteed Over A OV to 45V Collector- 
Base Voltage Range 

•CMRR>100dB 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25®C unless otherwise noted) 

Collector-Base Voltage (1).45V 

Collector-Emitter Voltage (1).45V 

Collector-Collector Voltage .45V 

Emitter-Base Voltage (1) .6V 

Collector Current (1) .20mA 

Storage Temperature Range.-65'*Cto +200*C 

Operating Temperature Range.-55‘’Cto+150“C 

Lead Temperature (Soldering, lOsec) .+300®C 

Power Dissipation (Tc=25“C) . 800mW 

Derate above 25"C .14mW/*C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-71 

TO-78 

LM114 

LM114H 

LM114A 

LM114AH 


Symbol 

Parameter 

Test Conditions 

Maximum Limits 

Units 

LM114A,AH 

LM114,H 

VbE1-2 

Offset Voltage 

1ju,A^lc^100ju,A 

0.5 

2.0 

mV 

Ib1-2 

Offset Current 

lc=10jutA 

2.0 

10 

nA 


Bias Current 

Ic=1M'A 

0.5 

40 

nA 

IC=10jii.A 

20 

lc=1jbtA 

3.0 

aVbe/v 

Offset Voltage Change 

0V:£Vcb^Vmax.Ic=10>*A 

0.2 

1.5 

mV 

AIb/V 

Offset Current Change 

1.0 

4.0 

nA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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LM114/H, LM114A/AH 














LM114/H, LM114AMH 


LM114/H, LM114A/AH ^DINiinii^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25"C unless otherwise specified) 


Symbol 

Parameter 


Maximum Limits 

Units 



LM114A, AH 

LM114,H 

AVbe/AT 

Offset Voltage Drift 



2.0 

10 

jutV/“C 

AIbi.2/AT 

Offset Current 

-55"C^Ta^ + 125“C, lc==10jLtA 

12 

50 

nA 

AIb/AT 

Bias Current 



60 

150 

ICBO 

Collector-Base 

Vcb=Vmax 


10 

50 

pA 


Leakage Current 


Ta= 125“C (Notes) 

10 

50 

nA 

ICEO 

Collector-Emitter 

Vce = VmaX. Veb = 0V 

50 

200 

pA 


Leakage Current 


Ta= 125“C (Notes) 

50 

200 

nA 

IC1-C2 

Collector-Collector 

VcC^VmAX 


100 

SOO 

pA 


Leakage Current 


Ta= 125“C (Notes) 

100 

SOO 

nA 


NOTES: 1: Per transistor. 

2: These specifications apply for Ta= +25*0 and OV:^Vcb^Vmax. unless otherwise specified. For the LM114 and LM114A, Vmax= 30V. 
3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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M116 

Diode Protected N-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier 



FEATURES 

• Low loss 

• Integrated Zener Clamp for Gate Protection 

PIN CONFIGURATION 


ABSOLUTE MAXIMUM RATINGS 

(Ta= 25®C unless otherwise noted) 

Drain to Source Voltage .30V 

Gate to Drain Voltage.30V 

Drain Current.50mA 

Gate Zener Current .± 0.1 mA 

Storage Temperature Range.-65®Cto ^-ZOO^C 

Operating Temperature Range.- SS^C to +125“C 

Lead Temperature (Soldering, lOsec) .+300“C 

Power Dissipation. 225mW 

Derate above 25'’C .2.2mW/‘’C 

NOTE: Stresses above those fisted under “Absolute Maximum Ratings” 

may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Ta = 25*C and Vbs= 0 unless otherwise specified) 


Symboi 

Parameter 

Test Conditions 

M116 

Units 

Min 

Max 

''DS(on) 

Drain Source ON Resistance 

Vgs=20V, Id=100|liA 


100 

n 

Vgs= 10V, lD=100jLiA 

200 

VGS(th) 

Gate Threshold Voltage 

Vqs=Vqs, Id=10M 

1 

5 

V 

BVdsS 

Drain-Source Breakdown Voltage 

Id = VA, Vgs=0 

30 


BVsds 

Source-Drain Breakdown Voltage 

Is = 1 juiA, Vgd = Vbd — 0 

30 


BVgbS 

Gate-Body Breakdown Voltage 

Ig = 1 0jutA, VsB = Vdb = 0 

30 

60 

Id(off) 

Drain Cutoff Current 

Vds = 20V, Vgs = 0 


10 

nA 

IS(OFF) 

Source Cutoff Current 

Vsd = 20V.Vgd=Vbd=0 


10 

•gss 

Gate-Body Leakage 

Vgs = 20V, Vds = 0 


100 

pA 

Cgs 

Gate-Source (Note 1) 

Vgb = Vdb = Vsb = 0, f= 1 MHz 

Body Guarded 


2.5 

PF 

Cgd 

Gate-Drain Capacitance (Note 1) 


2.5 

Cdb 

Drain-Body Capacitance (Note 1) 

Vgb=0, Vdb= i ov, f = i mhz 


7 

Cjss 

Input Capacitance (Note 1) 

Vgb = 0, Vdb = 1 ov, Vbs = O, f = 1 MHz 


10 


NOTE 1: For design reference only, not 100% tested. 



TO-72 

M116 


DEVICE SCHEMATIC 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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M116 














U200-U202 


U200-U202 

N-Channel JFET Switch 

FEATURES 

• Low Insertion Loss 

• Good OFF Isoiation 


PIN CONFIGURATION 




APPLICATIONS 

• Anaiog Switches 

• Commutators 

• Choppers 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.-30V 

Gate Current.50mA 

Storage Temperature Range.-65“Cto +200®C 

Operating Temperature Range.-55®C to+150*0 

Lead Temperature (Soldering, lOsec) .+300*C 

Total Device Dissipation (Tc=25*C) .1.8W 

Derate above 25*C. 10mW/*C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

TO-18 

U200 

U201 

U202 


ELECTRICAL CHARACTERISTICS (Ta = 25*0 unless otherwise specified) 


Symbol 

Parameter 


U200 

U201 

U202 

Units 



Min 

Max 

Min 

Max 

Min 

Max 

Igss 

Gate Reverse Current 

Vgs=-20V.Vds= 

0 


-1 


-1 


-1 

ISil 




Ta=150*C 


-1 


-1 


B 

B9 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= — 1ju.A, Vds=0 

-30 






V 


Gate-Source Cutoff Voltage 

< 

c 

o 

7 

jQ 

> 

O 

<M 

II 

Q 

> 

-0.5 

m 


m 




iD(off) 

Drain Cutoff Current 

Vds=10V, Vgs= “ 

12V 


1 


1 


1 

nA 




Ta=150*C 


1 


1 


1 


bss 

Saturation Drain Current (Note 1) 

Vds = 20V,Vgs=0 

3 

m 


m 




•’ds(on) 

Drain-Source ON Resistance 




150 


m 


50 

IQyi 

■ 

Common-Source Input 
Capacitance (Note 2) 

Vds = 20V.Vgs=0 

f=1MHz 


30 


30 



H 

Crss 

Common-Source Reverse 
Transfer Capacitance (Note 2) 




8 


8 


8 


NOTES: 1: Pulse test required, pulsewidth=300/xs, duty cycle ^3%. 
2. For design reference only, not 100% tested. 


INTERSIU’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 10-100 





































U231-U235 

Dual N-Channel JFET 
General Purpose Amplifier 

FEATURES 

• Good Matching Characteristics 

PIN CONFIGURATION 




APPLICATIONS 

* Differential Amplifiers 

• Low and Medium Frequency Amplifiers 

ABSOLUTE MAXIMUM RATINGS 

(Ta= 25“C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1) .-50V 


Gate Current (Note 1) .50mA 

Storage Temperature Range.-65®Cto +200“C 

Operating Temperature Range.- 55*0 to + 200*0 

Lead Temperature (Soldering, 10sec) .+300*C 

Power Dissipation . 300mW 

Derate above 25*C .1.7mW/*C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

TO-71 

U23X 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 


Symbol 

Parameter 


Limits 

Units 



Min 

Max 

Iqss 

Gate Reverse Current 

Vgs=-30V.Vds=0 



-100 

pA 




Ta=150“C 


-500 

nA 

BVqss 

Gate-Source Breakdown Voltage 

lG = 1jtJiA, Vds = 0 

-50 



VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 20V. lD=1nA 


-0.5 

-4.5 

V 

Vgs 

Gate-Source Voltage 



-0.3 

-4.0 


Iq 

Gate Operating Current 

Vdg = 20V. lD = 200jLtA 



-50 

pA 




Ta=125“C 


-250 

nA 

loss 

Saturation Drain Current (Note 2) 

Vds = 20V.Vgs = 0 

0.5 

5.0 

mA 

Qfs 

Common-Source Forward 

Vds = 20V.Vgs = 0 

f=1kHz 

1000 

5000 



Transconductance (Note 2) 


f= 100MHz 
(Note 4) 

1000 


\is 

Qfs 

Common-Source Forward 
Transconductance (Note 2) 

Vdg== 20V, lD = 200jLtA 


600 

1600 

9os 

Common-Source Output Capacitance 

Vds = 20V,Vgs = 0 

f=1kHz 


35 


9os 

Common-Source Output Conductance 

Vdg = 20V. Id=200ju,A 



10 


Cjss 

Common-Source Input 

Capacitance (Note 4) 

Vds = 20V,Vgs = 0 

f=1MHz 


6 

pF 

Crss 

Common-Source Reverse Transfer 
Capacitance (Note 4) 




2 



Equivalent Short Circuit 

Input Noise Voltage 


f= 100Hz 


80 

nV 

VHz 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-101 


U231-U235 
















U231-U235 


U231-U235 ^DlfsSinii^fllL 

ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25'’C unless otherwise specified) 


Symbol 

Matching Characteristics 

Test Conditions 

U231 

Max 



U234 

Max 



|Igi -loal 

Differential Gate Current (Note 4) 

Vdg = 20V, Id=200jliA,Ta=125“C 

m 

m 

Bl 

11 

m 

nA 

(bssi - Idss 2 ) 

Saturation Drain Current 

Match (Note 2,4) 

Vds=20V,Vgs = 0 



5 

D 

B 


■dssi 

|VgS1-VgS2I 

Differential Gate-Source Voltage 

Vdg = 20V, lD=200jLiA 

Ta=25‘*C 

5 

o 

11 

IQ] 

m 

mV 

A|Vgsi-Vgs2I 

Gate-Source Voltage 

Differential Drift (Note 3) 

Ta=25'»C 

Tb=125“C 

10 

H 

50 




AT 

Ta=-55*C 
Tb = 25'’C 

10 

25 

50 



(gfsi-gfs2) 

Transconductance Match 
(Notes 2,4) 

f=1kHz 

H 

H 

5 



% 

gfsi 

1 Qosl ■9os2 I 

Differential Output Conductance 

m 

B 

5 

B 

B 



NOTES: 1. Per transistor. 

2. Pulse test required, pulse width = SOOjlis, duty cycle ^3%. 

3. Measured at end points, Ta and Tb 

4. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE; AH typical values have been characterized but are not tested. 
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U257 

Dual N-Channel JFET 
High Frequency Amplifier 

FEATURES 

• gfs>4500jLis From DC to 100MHz 

• Matched Vqs, gts and gos 

PIN CONFIGURATION 



TO-99 


J 


1 

1 

VS2 

I 

D, 

G 

1 

c 



* 

G. 


D. 

S. 




0263-1 

6022 






ABSOLUTE MAXIMUM RATINGS 

(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage (Note 1) .-25V 

Gate Current (Note 1) .50mA 

Storage Temperature Range.-65“Cto +200°C 

Operating Temperature Range.- 55“C to +150“C 

Lead Temperature (Soldering, lOsec) .+300°C 

One Side Both Sides 

Power Dissipation 
(Ta=85”C) . 

Derate above 25°C S-emW/^C 7.7mW/“C 

NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-99 

U257 


ELECTRICAL CHARACTERISTICS (Ta = 25®c unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

loss 

Gate Reverse Current 

Vgs = 15V.Vds = 0 



-100 

pA 



I Ta=150°C 


-250 

nA 

BVqss 

Gate-Source Breakdown Voltage 

Ig= — 1ju.A, Vds = 0 

-25 


V 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds= 10V. lD=1nA 

-1 

-5 


loss 

Saturation Drain Current (Note 2) 

Vds = 10V.Vgs = 0 

5 

40 

mA 

Ofs 

Common-Source Forward Transconductance 

Vds=10V. Id = 5mA 

f=1kHz 

4500 

10,000 


9fs 

Common-Source Forward Transconductance 

Vdg = 10V, Id = 5mA 

f= 100MHz (Notes) 

4500 

10,000 

fxS 

9os 

Common-Source Output Conductance 

Vds=10V. Id = 5mA 

f=1kHz 


200 

9oss 

Common-Source Output Conductance 


f= 100MHz 


200 


Cjss 

Common-Source Input Capacitance 

Vdg = 10V, Id = 5mA 

f=1MHz 


5 

PF 

Crss 

Common-Source Reverse Transfer 
Capacitance 


1.2 


Equivalent Input Noise Voltage 

(Note 3) 

f= 10kHz 


30 

nV 

VFiz 

ipssi 

IdSS2 

Drain Current Ratio at Zero Gate Voltage 
(Note 2) 

Vds=10V.Vgs = 0 

0.85 

1 


|Vgsi-Vgs2I 

Differential Gate-Source Voltage 




100 

mV 

9fs1 

9fs2 

Transconductance Ratio 

Vdg = 10V, Id= 5mA 

f=1kHz 

0.85 

1 


1 9os1 ~9os 2 i 

Differential Output Conductance 




20 

/xS 


NOTES: 1. Per transistor. 

2. Pulse test required, pulse width = SOOjiis, duty cycle 3%. 

3. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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U257 

















U304-U306 


U304-U306 

P-Channel JFET Switch 



FEATURES 

• Low ON Resistance 

• lD(off)<500pA 

• Switches directly from TTL Logic (U306) 

PIN CONFIGURATION 



APPLICATIONS 

• Analog Switches 

• Commutators 

• Choppers 

ABSOLUTE MAXIMUM RATINGS 

(Ta= 25‘*C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage (Note 1) .30V 


Gate Current.50mA 

Storage Temperature Range.-65*Cto +200*0 

Operating Temperature Range .-55*Cto + 150*C 

Lead Temperature (Soldering, 10sec) . 300*C 

Power Dissipation . 350mW 

Derate above 25*0 .2.8mW/*C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ORDERING INFORMATION 

~0-18 

U304 

U305 

U306 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise specified) 



Parameter 




U306 

Units 



IBBI 

Max 

IQjJI 

Max 


Max 

■gss 

Gate Reverse Current 

Vgs=20V, Vds= 

3 


500 









Ta=150*C 


1.0 





fxA 

BVqss 

Gate-Source Breakdown Voltage 

lG = 1jui<A, Vds=0 

30 



Ql 

K!l 

Ql 


dSBI 

Gate-Source Cutoff Voltage 

Vds=-15V, Id= 

— 1ju,A 

5 


a 


n 

— 



Drain-Source ON Voltage 

Vgs= 0, lD=-15mA (U304), 
lD=-7mA (U305), 
lD=-3mA (U306) 

■ 

-1.3 

1 


1 



loss 

Saturation Drain Current (Note 1) 

Vds=-15V,Vgs 

= 0 

BS 

-90 

IQ 


m 



•□(off) 

Drain Cutoff Current 

Vds=-15V.Vgs 

Vgs 

Vgs 

= 12V (U304) 
= 7V (U305) 

= 5V (U306) 


-500 


-500 


-500 





Ta=150*C 








rDS(on) 

Static Drain-Source ON Resistance 

VgS = 0V, lD=-1mA 


85 


110 


175 

a 

SKI 

Drain-Source ON Resistance 



_ 

»Lj 

■ 



175 

a 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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U304-U306 


@DINnngi^fllL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25^*0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

U304 

U305 

U306 

Units 

ITWl 




IBM 

m2 

Cjss 

Common-Source Input Capacitance 
(Note 2) 

Vds=-15V. 

Vqs-O 

f=1MHz 


27 


27 


27 

PF 

Crss 

Common-Source Reverse Transfer 
Capacitance (Note 2) 

Vds=o. Vgs=12V 
(U304) 

Vgs = 7V 
(U305). 

Vgs = 5V 
(U306) 


1 





^d(on) 

Turn-ON Delay Time (Note 2) 



U305 

U306 

1 


■ 

1 

■ 

25 

ns 



-6V 

-6V 

tr 

Rise Time (Note 2) 



7V 

5V 


la 


m 


iimi[ 

td(off) 

Turn-OFF Delay Time (Note 2) 



743n 

1800n 


10 


15 


£9 

tf 

Fall Time (Note 2) 


0 

0 

0 

■ 


1 


■ 


@91 

-15mA 

-7mA 

-3mA 


NOTES: 1. Pulse test pulsewidth = 300ju,s, duty cycle ^3%. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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U304-U306 




























U308-II310 


U308-U310 

N-Channel JFET 
High Frequency Amplifier 


FEATURES 

• High Power Gain 

• Low Noise 

• Dynamic Range Greater Than lOOdB 

• Easily Matched to 75n input 

PIN CONFIGURATIONS 




ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage .-25V 

Gate Current.20mA 

Storage Temperature .-65°Cto+200°C 

Operating Temperature Range .- 55"C to +150“C 

Lead Temperature (Soldering, 10sec) .+300®C 

Power Dissipation . 500mW 

Derate above 25°C .4mW/°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-52 

U308 

U309 

U310 


ELECTRICAL CHARACTERISTICS (Ta = 25*0 unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

U308 

U309 

U310 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Igss 

Gate Reverse Current 

Vgs=~15V 




-150 



-150 



-150 

pA 

Vgs = 0 

Ta=125*C 



-150 



-150 



-150 

nA 

BVgss 

Gate-Source Breakdown 
Voltage 

Ig = -IjixA, Vds = 0 

-25 



-25 



-25 



V 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 10V, lD=1nA 

-1.0 


-6.0 

-1.0 


-4.0 

-2.5 


-6.0 

loss 

Saturation Drain Current 
(Note 1) 

Vds=10V, Vgs = 0 

12 


60 

12 


30 

24 


60 

mA 

VGS(f) 

Gate-Source Forward 
Voltage 

Ig = 1 0mA, Vds ~ 0 



1.0 



1.0 



1.0 

V 

9fg 

Common-Gate Forward 
Transconductance (Note 1) 

Vds = 10V, 

Id = 10mA 

f=1kHz 

10 

17 


10 

17 


10 

17 


JLtS 

9ogs 

Common Gate Output 
Conductance 



250 



250 



250 

/JLS 

Cgd 

Drain-Gate Capacitance 

Vgs=-10V, 
Vds = 10V 

f=1MHz 
(Note 2) 



2.5 



2.5 



2.5 

pF 

Cgs 

Gate-Source Capacitance 



5.0 



5.0 



5.0 

®n 

Equivalent Short Circuit 
Input Noise Voltage 

Vds =10V, 

Id =10mA 

f= 100Hz 
(Note 2) 


10 



10 



10 


nV 

VhE 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 10-106 















U308-U310 


^DIMUm^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

U308 

U309 

U310 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

9fg 

Common-Gate Forward 
Transconductance 

Vds=10V. 
Id= 10mA 

(Note 2) 

f= 100MHz 


15 



15 



15 


JLlS 

f=450MHz 


14 



14 



14 


9ogs 

Common-Gate Output 
Conductance 

f= 100MHz 


0.18 



0.18 



0.18 


f=450MHz 


0.32 



0.32 



0.32 



Common-Gate Power Gain 

f= 100MHz 

14 

16 


14 

16 


14 

16 


dB 

f=450MHz 

10 

11 


10 

11 


10 

11 



Noise Figure 

f= 100MHz 


1.5 

2.0 


1.5 

2.0 


1.5 

2.0 

f=450MHz 


2.7 

3.5 


2.7 

3.5 


2.7 

3.5 


NOTES: 1. Pulse test duration=2ms. 

2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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U308-U310 







U401-U406 


U401-U406 

Dual N-Channel JFET Switch 



FEATURES 

• Minimum System Error and Calibration 

• Low Drift With Temperature 

• Operates From Low Power Supply Voltages 

• High Output impedance 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 

(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.50V 

Gate Current (Note 1) .10mA 

Storage Temperature Range.-65*Cto +200‘’C 

Operating Temperature Range ..-55®C to + 150®C 

Lead Temperature (Soldering, 10sec) .+300®C 

One Side Both Sides 

Power Dissipation (Ta= 300mW 500mW 

Derate above 25‘*C . 2.6mW/“C SmW/^C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 

TO-71 

U40X 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

U401 

U402 

U403 




u 

Min 

Max 

Min 

Max 

QQjl 





U23 

I2Q 

pm 

BVqss 

Gate-Source Breakdown 
Voltage 

Vds = 0, Ig= -1/xA 

-50 


-50 

■ 







IPQ 


D 

loss 

Gate Reverse Current 

(Note 2) 

VdS = 0, Vgs=-30V 


-25 

■ 


■ 

-25 




PPI 



Q 




m 


B 


B 


m 


-.5 


m 


B 

VGS(on) 

Gate-Source Voltage (on) 

Vdg = 15V, Id = 200juiA 






IQI 







loss 

Saturation Drain Current 
(Note 3) 

Vds=10V, Vgs = 0 

0.5 


0.5 

IPP 

0.5 

10.0 

0.5 

10.0 

0.5 

10.0 

0.5 


IQQI 

IG 

Operating Gate Current 

(Note 2) 

Vdg = 15V, lD = 200juiA 










ra 



m 








QQI 







PQIII 


Gate-Gate Breakdown 
Voltage 

Vqs = 0, Vgs = 0. 

Ig = ± 1 JU,A 

±50 


±50 


±50 


±50 


±50 


±50 


D 

gfs 

Common-Source Forward 
Transconductance (Note 3) 

> 

11 II 

CO CO 

Q (5 
> > 

f=1kHz 

2000 

7000 

2000 

7000 

2000 

7000 

2000 

7000 

2000 

7000 

2000 

7000 

flS 

9os 

Common-Source Output 
Conductance 


20 


20 


20 


20 


20 


20 

9fs 

Common-Source Forward 
Transconductance 

Vdg = 15V, 
|0 = 2OOjliA 

f=1kHz 

1000 

2000 

1000 

2000 

1000 

2000 

1000 

2000 

1000 

2000 

1000 

2000 

9os 

Common-Source Output 
Conductance 


2.0 


2.0 


2.0 

i 

2.0 


2.0 


2.0 

Ciss 

Common-Source Input 
Capacitance (Note 6) 

f=1MHz 


8.0 


8.0 


8.0 


8.0 


8.0 


8.0 

PF 

Crss 

Common-Source Reverse 
Transfer Capacitance 
(Note 6) 

_ 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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U401-U406 


^DIFsinnii^DIL 


ELECTRICAL CHARACTERISTRICS (Continued) (Ta = 25*C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

U401 

U402 

U403 

U404 

U405 

U406 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

©n 

Equivalent Short-Circuit 
Input Noise Voltage 

< < 
Q D 

CO CO 

II II 

f=10Hz 
(Note 6) 


20 


20 


20 


20 


20 


20 

nV 

VHz 

CMRR 

Common-Mode Rejection 
Ratio 

VDG=10to20V, 
lD=200jaA(Notes, 6) 

95 


95 


95 


95 


90 




dB 

|VgS1”Vgs2 | 

Differential Gate-Source 
Voltage 

Vdg=10V, Id = 200ju,A 


5 


10 


10 


15 


20 


40 

mV 

|AVgsi-VgS2 I 

AT 

Gate-Source Voltage 
Differential Drift (Note 4) 

Vdg = 10V. 
lQ = 200ju,A 

Ta=-55“C, 
Tb=+ 25“C. 
Tc= + 125»C 


10 


10 


25 


25 


40 


80 

ii^rc 


NOTES: 1. Per transistor. 

2. Approximately doubles for every ICC increase in Ta- 

3. Pulse test duration = 300jiis; duty cycle ^3%. 

4. Measured at end points, Ta, Tb, Tq. 

5. CMRR =20,og,„[^^;^^],.Voo=10V. 

6. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


10-109 


U401-U406 



U1897-U1899 


U1897-U1899 

N-Channel JFET Switch 

FEATURES 

• Low Insertion Loss 

• No Error or Offset Voltage Generated By Closed 
Switch 


PIN CONFIGURATION 




APPLICATIONS 

• Analog Switches, Choppers 

ABSOLUTE MAXIMUM RATINGS 


(Ta= 25“C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.-40V 

Forward Gate Current .10mA 

Storage Temperature Range.-SS^Cto +150“C 

Operating Temperature Range.-55“Cto+135“C 

Lead Temperature (Soldering, 10sec) .+300“C 

Power Dissipation. 350mW 

Derate above 25“C .3.2mW/'’C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-92 

TO-92-18 

U1897 

U1897-18 

U1898 

U1898-18 

U1899 

U1899-18 


ELECTRICAL CHARACTERISTICS (Ta = 25®C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

U1897 

U1898 

U1899 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

BVqsS 

Gate-Source Breakdown Voltage 

Ig= -1/aA, Vds = 0 

-40 


-40 


-40 


V 

Iqss 

Gate Reverse Current 

Vgs=-20V, Vds = 0 


-400 


-400 


-400 

pA 

Idgo 

Drain-Gate Leakage Current 

Vdg = 20V, Is = 0 


200 


200 


200 

ISGO 

Source-Gate Leakage Current 

Vsg = 20V, Id=0 


200 


200 


200 

•□(off) 

Drain Cutoff Current 

Vds = 20V. 

VgS=-12V (U1897) 


200 


200 


200 

Vgs=-8V(U1898) j 
Vgs=-6V(U1899) 


10 


10 


10 

nA 

VGS(off) 

Gate-Source Cutoff Voltage 

Vds = 20V, lD=1nA 

-5.0 

-10 

-2.0 

-7.0- 

-1.0 



loss 

Saturation Drain Current (Note 1) 

Vds = 20V. Vgs = 0 

30 


15 


8.0 



c 

o 

CO 

Q 

> 

Drain-Source ON Voltage 

Vgs = 0, lD=6.6mA (U1897) 

Id = 4.0mA (U1898) 

Id = 2.5mA (U1899) 


0.2 


0.2 




roSCon) 

Static Drain-Source ON Resistance 

Id= 1mA, Vgs=0 


30 


50 


80 

n 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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U1897-U1899 ^DIMul^DIL 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25“C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

U1897 

U1898 



IBM 


IBM 


IBM 

12133 

Cdg 

Drain-Gate Capacitance 

Vdg = 20V. Is=0 

f=1MHz 

(Note 2) 


5 


5 


5 


^sg 

Source-Gate Capacitance 

Vsg = 20V, Id=0 


B 


5 


5 

Cjss 

Common-Source Input Capacitance 

Vds = 20V, Vgs = 0 

■ 

16 


m 

[H 

Q 


Common-Source Reverse Transfer 
Capacitance 

■ 


■ 


■ 



Turn ON Delay Time (Note 2) 

Switching Time Test Conditions 

U1897 U1898 U1899 
Vdd 3V 3V 3V 

VGS(on) ^ ^ 0 

VGS(off) -12V -8V -6V 

Rl 425n 770ft 1120ft 

•□(on) 6.6mA 4mA 2.5mA 






1^9 

ns 


Rise Time (Note 2) 




20 


40 


Turn OFF Time (Note 2) 

40 

1 


1 

80 


NOTES: 1. Pulse test pulsewidth = 300ju,s; duty cycle <3%. 
2. For design reference only, not 100% tested. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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U1897-U1899 


















VCR2N/3P/4N/5P/7N 


VGR2N/3P/4N/5P/7N 

Voltage Controlled Resistors 

APPLICATIONS 

• Small Signal Attenuators 
•Filters 

• Amplifier Gain Control 

• Oscillator Amplitude Control 


ORDERING INFORMATION 


TO-18 

TO-72 

Wafer 

Dice 

VCR2N 

— 

VCR2N/W 

VCR2N/D 

VCR4N 

— 

VCR4N/W 

VCR4N/D 

— 

VCR3P 

VCR3P/W 

VCR3P/D 

— 

VCR7N 

VCR7N/W 

VCR7N/D 



ABSOLUTE MAXIMUM RATINGS 


(Ta= 25**C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.15V 

Gate Current.10mA 

Storage Temperature Range.-es^Cto +200‘’C 

Operating Temperature Range.-55*Cto+175“C 

Lead Temperature (Soldering, lOsec) .+300‘’C 

Power Dissipation. 300mW 

Derate above 25®C .2mW/®C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


PIN CONFIGURATIONS 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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VCR2N/3P/4N/5P/7N ^fldipiii^DiL 


ELECTRICAL CHARACTERISTICS (Ta = 25“C unless otherwise specified) 

N Channel VCR FETs 


Symbol 

Parameter 

Test Conditions 

VCR2N 




Min 

Max 





STATIC 

•gss 

Gate Reverse Current 

Vgs==-15V. 

Vds = 0 



-5 


-0.2 


-0.1 

nA 

BVgsS 

Gate-Source Breakdown Voltage 

Ig = -1 ju-A, 

Vds = 0 

-15 


-15 


-15 



VGS(off) 

Gate-Source Cutoff Voltage 

Id=1/xA, Vds=10V 

1.0 


-3.5 

BEI 


-5 

''ds(on) 

Drain source ON Resistance 

Id = 0 


1^1 

^9 






DYNAMIC (Note1) 

Cdgo 

Drain-Gate Capacitance 

Vgd=-10V, Is = 0 



m 


3 





Source-Gate Capacitance 

Vgs=“10V, Id = 0 




3 




NOTE 1: For design reference only, not 100% tested. 

P Channel VCR FETS 


Symboi 

Parameter 

Test Conditions 




Min 




STATIC 

Igss 

Gate Reverse Current 

Vgs=15V, Vds=0 



20 


10 

nA 


Gate-Source Breakdown Voltage 

Ig = Iju-A, Vqs = 0 

15 





TBM 

Gate-Source Cutoff Voltage 

lD=-1jaA, Vds=-10V 

1.0 

5 

3.5 

7 

mm 

Drain-Source ON Resistance 

Vgs = 0. ID“0 

f=1kHz 

70 

200 

300 

900 

fl 

DYNAMIC (Note1) 

Cdgo 

Drain-Gate Capacitance 

Vgd^iov, Is==0 

f=1MHz 
(Note 1) 


6 


3 

pF 


Source-Gate Capacitance 

Vgs=10V, Id = 0 


6 

3 


NOTE 1: For design reference only, not 100% tested. 


JFETS AS VOLTAGE REGULATORS 

The voltage controlled resistor is a junction field effect 
transistor whose drain to source ON resistance is controlled 
by gate to source voltage. 

The gate control terminal Is high impedance thereby al¬ 
lowing negligible control current. The gate voltage is zero 
for minimum resistance, and increases as the gate voltage 
approaches the pinch-off voltage. 

This VCR is intended for use on applications using low 
level AC signals. Figure 1 shows the output characteristics, 
with an enlarged graph of VDS = 0 for AC signals with no 
DC component. Operation is in the first and third quadrants; 
the device will operate in the first quadrant only if a constant 


current is applied to the drain and the input signal level is 
kept low. 

Figure 1 also shows that certain combinations of gate 
control voltage and signal levels will cause resistance mod¬ 
ulation. This distortion may be improved by introducing local 
feedback as shown in figure 2 for best frequency response 
and impedance levels; eliminating the feedback capacitor 
will require the gate control voltage to be double for the 
same ON resistance. The resistor values should be equal, 
and about 100fl. 

Best gate control voltage for best linearity is up to about 
O.eVpK; ON resistance increases rapidly beyond this point. 
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VCR2N/3P/4N/5P/7N 


^DiNnni^DiL 


VCR2N/3P/4N/5P/7N 



Vqs > ov 


Vos - -2V 


Vos ■ -4V 

Vos • -6V 

Vqs * -8V 


JFET OUTPUT CHARACTERISTICS 
ENLARGED AROUND Vqs * 0 


0268-10 

Figure 1 
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VCR11N 

Voltage Controlled Resistors 



APPLICATIONS 

• Small Signal Attenuators 

• Filters 

• Amplifier Gain Control 

• Oscillator Amplitude Control 

PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


(Ta = 25*0 unless otherwise noted) 

Gate-Drain or Gate-Source Voltage.25V 

Gate Current.10mA 

Total Device Dissipation at Ta = 25®C 

(Derate at 2.0mW/“C to 175“C) . 300mW 

Storage Temperature Range.-55®Cto +175®C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
impiied. Exposure to absoiute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 

ORDERING INFORMATION 


TO-71 

VCR11N 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C unless otherwise specified) 


Symbol 

Characteristic 

Test Conditions 

Min 

Max 

Units 

Iqss 

Gate Reverse Current 

Vgs=-15V, Vds = 0 



-0.2 

nA 

BVqss 

Gate-Source Breakdown Voltage 

~1M> Vds = 0 

-25 


V 

VGS(off) 

Gate-Source Cutoff Voltage 

lD=1fxA. Vds=10V 

-8 

-12 

■'ds(on) 

Drain Source ON Resistance 

Vgs=o. Id=o 

f=1kHz 

100 

200 

a 

^dgo 

Drain-Gate Capacitance (Note 2) 

Vgd=-10V, Is = 0 

f=1MHz 


8 

PF 

^sgo 

Source-Gate Capacitance (Note 2) 

Vgs=-10V. Id = 0 


8 

rosmin 


VDS=100mV 

rDSl=200n 

.95 

1 


rosmax 


VgS1=VgS2 

tdsi 2kft 

.95 

1 


NOTES: 1. Vqsi + Control Voltage necessary to force ros to 200n or 2kfl. 
2. For design reference only, not 100% tested. 
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Section 11 — Data Communications 


IM26C91.11-1 

IM4702/4712.11-19 

IM6402 .11-26 

IM6403 .11-26 

ICL232.11-36 
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IM26C91 I 

Universal Asynchronous 
Transmitter (UART) - 

GENERAL DESCRIPTION '^"FEATURES 

The IM26C91 Is a high-performance Uf|^SSr/^^fnc^ro- • Programmable Di 


GENERAL DESCRIPTION 

The IM26C91 Is a high-performance Uf|^SSr/^^fnc^ro- 
nous Receiver/Transmitter that provides fyl^ii^f^x opera¬ 
tion. Operating speed can be selected frorf 18 fixed baud 
rates ranging from 50 to 38.4K baud, or from an internal 
programmable counter/timer (16 x clock speed), or from 
an external 1 x or 16 x clock. The ability to program the 
operating speed independently makes the UART particular¬ 
ly well suited for dual-speed channel applications, e.g. clus¬ 
tered terminal systems. 

The quadruple buffered receiver minimizes potential re¬ 
ceiver overrun and reduces overhead in interrupt driven sys¬ 
tems. Handshaking capability disables a remote UART 
transmitter when the receiver buffer is full. 

The IM26C91 UART is fabricated in 1.5 micron advanced 
VLSI CMOS technology which permits monolithic construc¬ 
tion and encapsulation in a 0.3" wide 24-pln DIP. The de¬ 
vice is TTL compatible and operates from a single +5V 
power supply. 


FEATURES 

• Programmable Data Format: 

—5 to 8 Data Bits Plus Parity 

—Odd, Even, no Parity or Force Parity 

1.5 or 2 Stop Bits Programmable in Vie Bit 
Increments 

• Parity, Framing, and Overrun Error Detection 

• False Start Bit Detection 

• Line Break Detection and Generation 

• Programmabie Channel Mode 
^Normal (Full-Duplex) 

—Automatic Echo 

—Local Loopback 
—Remote Loopback 

• Single interrupt Output with Seven Maskable 
Interrupting Conditions 

• On-Chip Crystal Oscillator 

• 300 mil 24 Pin DiP 


ORDER INFORMATION 

Vcc = 5V ±10% 


Part 

Number 

Temperature 

Range 

Package 

IM26C91CX24 

OMo +70°C 

24 Lead Plastic 
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IM26C91 

ABSOLUTE MAXIMUM RATINGS 

Voltage from Vcc to GND (Note 1) .-0.3 to + 6.0V 

Voltage from any Pin 

to GND (Note 1).-0.3 to Vcc ± 10% V 

Power Dissipation.0.2W 

Operating Temperature Range (Note 2).O^C to + TO^C 

Storage Temperature Range.-65“C to + 150®C 

NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended pen- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

DC ELECTRICAL CHARACTERISTICS Ta == o°cto + 70 °c, Vcc = s.ov ±10% 3,4,5 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

V|L 

Input Low Voltage 


-0.3 


0.8 

V 

V|H 

Input High Voltage 







All Except X1/CLK 


2.0 


Vcc 

V 


X1/CLK 


0.9 Vcc 


Vcc 

V 

VoL 

Output Low Voltage (Note 6) 

lOL = 2.4 mA 





VOH 

Output High Voltage (Note 6) 







(Except Open Drain Outputs) 

Iqh “ ~400 jaA 

2.4 



V 

l|L 

Input Leakage Current 

V|N = 0 to Vcc 

-10 


10 

fxA 

l|LL 

Data Bus 3-State Leakage Current 

Vq = 0.4 to Vcc 

-10 


10 

jaA 

lOD 

Open Drain Output Leakage Current 

Vq = 0.4 to Vcc 

-10 


10 

jaA 

•XIL 

X1/CLK Low Input Current 

V|N = 0, X2 Floated 

-100 

-30 

0.0 

jaA 

■XIH 

X1 /CLK High Input Current 

V|N = Vcc. X2 Floated 

0.0 

+ 30 

100 

jaA 

OSCILLATOR IN POWER DOWN MODE: | 

1x1 H 

X1 /CLK High Input Current 

V|N = Vcc. X2 Floated 



10 

mA 

•X2L 

X2 Low Output Current 

VoUT = 0, X1/CLK = Vcc 



100 

jaA 

IX2H 

X2 High Output Current 

VoUT = Vcc. X1/CLK = 0V 



100 

jaA 

icc 

Power Supply Current 




20 

mA 


Standby 




500 

jaA 


NOTES: 1: This product includes circuitry specificaiiy designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maximums. 


2: For operating at elevated temperatures, the device must be derated based on + tSCC maximum junction temperature. 

3: Parameters are valid over specified temperature range. 

4: All voltage measurements are referenced to ground (GND). For testing, all input signals swing between 0.4V and 2.4V with a transition time of 20 ns 
maximum. For X1 /CLK, this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and output 
voltages of 0.8V and 2.0V as appropriate. 

5: Typical values are at +25‘’C, typical supply voltages, and typical processing parameters. 

6: Test condition for outputs: Cl = 150 pF, except interrupt outputs. Test conditions for interrupt outputs: Cl = 50 pF, Rl = 2.7K ft to Vcc- 

7: Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. In this case, all 
timing specifications apply referenced to the falling and rising edges of CEN. CEN and RDN (also CEN and WRN) are OR’ed internally. As a 
consequence, the signal asserted last initiates the cycle and the signal negated first terminates the cycle. 

8: If CEN is used as the ‘strobing’ input, this parameter defines the minimum high time between one CEN and the next. The RDN signal must be negated 
for tRWD to guarantee that any status register changes are valid. 

9: Consecutive write operations to the same command require at least three edges of the XI clock between writes. 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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IM26C91 


AC ELECTRICAL CHARACTERISTICS Ta = o°c to + 70 “C, Vcc = s.ov ± io% 3 , 4 , s, 6 


_ ^ * Tentative Limits 

Symbol Parameter - 1 - 1 — 


RESET TIMING (Figure 3) 


tpES 


BUS TIMING (Figure 4) (Note 7) 


RESET Pulse Width 





A0-A2 Set-Up Time to RDN, WRN Low 


A0-A2 Hold Time from RDN, WRN High 


CEN Set-Up Time to RDN, WRN Low 
CEN Hold Time from RDN, WRN [ 


WRN, RDN Pulse Width 


Data Valid after RDN Low 


Data Bus Floating after RDN High 


Data Set-Up Time before WRN High 


s w " ■ 111 IT sin 1 Kflls I ^ 15 tm i 


tpwD Time Between READS and/or WRITES (Note 9) 


MPI AND MPO TIMING (Figure 5) (Note 7) 


tps MPI Input Set-Up Time before RDN Low 


tpH MPI Input Hold Time after RDN High 


MPO Output Valid after WRN High 


INTERRUPT TIMING (Figure 6) 


t|R INTRN Negated: 

Read RHR (RXRDY/FFULL Interrupt) 
Write THR (TXRDY/TXEMT Interrupt) 
Reset Command (Break Change Interrupt) 
Reset Command (MPI Change Interrupt) 
Stop C/T Command (Counter Interrupt) 
Write IMR (Clear of Interrupt Mask Bit) 


CLOCK TIMING (Figure 7) 


tcLK 1 X1 /CLK High or Low Time 


fCLK 


tCTC 


fCTC 


tpx 


fpx 


X1 /CLK Frequency 


Counter/Timer Clock High or Low Time 


Counter/Timer Clock Frequency 


RXC High or Low Time 


RXC Frequency (16X) 
(1X) 


TXC High or Low Time 


fjx TXC Frequency (16X) 

__ (1X) _ 

TRANSMITTER TIMING (Figure 8) 


TXD Output Delay from TXC Low 


TXC Output Delay from TXD Output Data 


RECEIVER TIMING (Figure 9) 




tpxs 

RXD Data Set-Up Time to RXC High 

240 



ns 

tpXH 

RXD Data Hold Time from RXC High 

200 



ns 
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IM26C91 ^DINfinii^DIL 


UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER (UART) 
PIN DESCRIPTION 





Name and Function 

D0-D7 

22-15 

I/O 

Data Bus: Active high 8-bit bidirectional three-state data bus. Bit 0 is the LSB and bit 7 is 
the MSB. Handles all data, command, and status transfers between the CPU and the 

UART. Transfer direction is controlled by the WRN and RDN Inputs when the CEN input 
is low. When the CEN input Is high, the data bus is in the three-state condition. 

CEN 

14 


Chip Enabie: Active low input. When low, data transfers between the CPU and the UART 
are enabled on D0-D7 as controlled by the WRN, RDN and A0-A2 inputs. When CEN is 
high, the UART is effectively isolated from the data bus and D0-D7 are placed In the 
three-state condition. 

WRN 

23 

1 

Write Strobe: Active low input. A low on this pin while CEN is low, causes the contents 
of the data bus to be transferred to the register selected by A0-A2. The transfer occurs 
on the trailing (rising) edge of the signal. 

RDN 

1 

1 

Read Strobe: Active low input. A low input, while CEN is low, causes the contents of the 
register selected by A0-A2 to be placed on the data bus. The read cycle begins on the 
leading (falling) edge of RDN. 

A0-A2 

8-6 

1 

Address inputs: Active high address inputs select the UART registers for read/write 
operations. 

INTRN 

13 

0 

interrupt Request: This active low output is asserted by one or more of seven maskable 
interrupting conditions. The CPU can read the interrupt status register to determine the 
interrupting condition(s). 

X1/CLK 

9 

1 

Crystal 1: Crystal or external clock input. When using the crystal oscillator, this pin 
serves as the connection for one side of the crystal. If a crystal is not used, an external 
clock is supplied at this Input. An external clock (or cyrstal) is required even if the internal 
baud rate generator Is not utilized. This clock is used to drive the internal baud rate 
generator, as an optional input to the timer/counter, and to provide other clocking signals 
required by the chip. 

X2 

10 

0 

Crystal 2: Connection for other side of crystal. If an external source is used instead of a 
crystal this connection should be open. 

RXD 

2 

1 

Receiver Serial Data Input: The least significant bit is received first. If external receiver 
clock is specified, this input is sampled on the rising edge of the clock. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


11-4 



IM26C91 


UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER (UART) 
PIN DESCRIPTION (Continued)_ 



DIP 

Pin No. 

Type 

Name and Function 

TXD 

3 

0 

Transmitter Seriai Data input: The least significant bit is transmitted first. This output is 
held in the marking (high) condition when the transmitter is idle or disabled and when the 
UART is operating in local loopback mode. If external transmitter clock is specified, the 
data is shifted on the falling edge of the transmitter clock. 

MPO 

4 

0 

Multi-Purpose Output: One of the following functions can be selected for this output pin 
by programming the auxiliary control register. 

RTSN— Request to send active low output. This output is asserted and negated via the 
command register. By appropriate programming of the mode registers, RTSN can be 
programmed to be automatically reset after the character in the transmitter is completely 
shifted or when the receiver FIFO and shift register are full. 

CXTO—The counter/timer output. 

TXC1X— Thel X clock for the transmitter. 

TXC16X— The16 X clock for the transmitter. 

RXC1X— The 1 X clock for the transmitter. 

RXC16X— The 16 X clock for the transmitter. 

TXRDY— The transmitter holding register empty signal. Active low interrupt. 
RXRDY/FFULL —The receiver FIFO not empty/full signal. Active low interrupt. 

MPI 

5 

1 

Multi-Purpose Input: This pin can be programmed to serve as an input for one of the 
following functions: 

GPI— General purpose input. The current state of the pin can be determined by reading 
the ISR. 

CTSN— Clear-to-Send active low input. 

CTCLK— Counter/Timer external clock input. 

RTCLK— Receiver and/or transmitter external clock input. This may be a 1 x or 16 X 
clock as programmed by GSR [3:0] or CSR [7:4]. 

< 

o 

o 

24 

1 

Power Supply: + 5V supply Input. 


12 

1 

Ground. 
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CIRCUIT DESCRIPTION 

The IM26C91 UART is a full duplex asynchronous receiv¬ 
er/transmitter whose operating frequency can be selected 
from its internal baud rate generator or counter/timer, or 
from an external input. 

The functional diagram of the IM26C91 UART is shown in 
Figure 1. It consists of the receiver and transmitter, a data 
bus buffer, an interrupt control, an operation control and a 
timing system. In addition, a multi-purpose input pin can be 
programmed to serve as an output for a variety of internal 
functions, including a request-to-send output, the counter/ 
timer output, the output for the 1X or 16X transmitter or 
receiver clocks, the TXRDY output or RXRDY/FFULL out¬ 
put (see pin description table). 

Registers associated with the communications channel 
are the Mode Registers, (MR1 and MR2), the Clock Select 
Register (CSR), the Command Register (CR), the Status 
Register (SR), the Transmit Holding Register (THR), and the 
Receiver Holding Register (RHR). 

TRANSMITTER 

The transmitter accepts parallel data from the CPU and 
converts it to a serial bit stream on the Transmit Serial Data 
Output pin (TXD). It automatically sends a start bit followed 
by the programmed number of data bits, an optional parity 
bit, and the programmed number of stop bits. The least sig¬ 
nificant bit is sent first. 

Following the transmission of the stop bits, if a new char¬ 
acter is not available In the THR, the TXD output remains 
high and a TXEMT bit In the SR will be set to 1. 

Transmission resumes and the TXEMT bit is cleared 
when the CPU loads a new character into the THR. In the 
16X clock mode, this also resynchronizes the internal 1X 
transmitter clock so that transmission of the new character 
begins with minimum delay. 

The transmitter can be forced to send a break (continu¬ 
ous low condition) by issuing a start break command via 
the CR. The break is terminated by a stop break command. 

If the transmitter is disabled, it continues operating until 
the character currently being transmitted and the character 
in the THR, if any, are completely sent out. Characters can¬ 
not be loaded into the THR while the transmitter is disabled. 

RECEIVER 

The receiver accepts serial data on the RXD pin, converts 
it to parallel format, checks for start bit, stop bit, parity bit (if 
any), or break condition, and presents the assembled char¬ 
acter to the CPU. 

The receiver looks for a high-to-low (mark-to-space) tran¬ 
sition of the start bit on the RXD input pin. if a transition is 
detected, the state of the RXD is sampled again each 16X 
clock for V /2 clocks (16X clock mode) or at the next rising 
edge of the bit-time clock (1X clock mode). If RXD is sam¬ 
pled high, the start bit is invalid and the search for a valid 
start bit is resumed. If RXD is still low, a valid start bit is 
assumed and the receiver continues to sample the input at 
one bit-time intervals until the proper number of data bits 
and the parity bit (if any) have been assembled, and one 
stop bit has been detected. The data is then transferred to 
the RHR and the RXRDY bit In the SR is set to a 1. If the 
character length is less than eight bits, the most significant 
unused bits in the RHR are set to zero. 



After the stop bit is detected, the receiver will immediately 
look for the next start bit. However, if a non-zero character 
was received without a stop bit (I.e. framing error) and RXD 
remains low for one-half of the bit period after the stop bit 
was sampled, then the receiver operates as if a new start bit 
transition had been detected at that point. The parity error, 
framing error and overrun error (if any) are strobed into the 
SR at the received character boundary, before the RXRDY 
status bit is set. 

If a break condition is detected, (RXD is low for the entire 
character including the stop bit) only one character consist¬ 
ing of all zeros will be loaded into the FIFO of the RHR and 
the received break bit in the SR is set to 1. The RXD input 
must return to a high condition for two successive clock 
edges of the 1X clock (internal or external) before a search 
for the next start bit begins. 

Data entering the RHR is stored in a fIrst-in-fIrst-out 
(FIFO) queue with a capacity of three characters. Data is 
loaded from the Receive Shift Register into the top-most 
empty position of the FIFO. 

The RXRDY bit In the Status Register (SR) is set whenev¬ 
er one or more characters are available to be read, and a 
FFULL status bit is set if all three queue positions are filled 
with data. Either of these bits can be selected to cause an 
Interrupt. A read of the RHR outputs the data at the top of 
the FIFO. After the read cycle, the data FIFO and its associ¬ 
ated status bits are ‘popped’, thus emptying a FIFO position 
for new data. 

In addition to the data word, three status bits (parity error, 
framing error, and received break) are appended to each 
data character in the FIFO. Status can be provided in two 
ways, as programmed by the error mode control bit in the 
mode register, in the character mode, status is provided on 
a character-by-character basis: the status applies only to 
the character at the top of the FIFO. In the block mode, the 
status provided in the SR for these three bits is the logical 
OR of the status for all characters coming to the top of the 
FIFO since the last reset error command was issued. In 
either mode, reading the SR does not affect the FIFO. The 
FIFO is ‘popped’ only when the RHR is read. Therefore, the 
SR should be read prior to reading the corresponding data 
character. 

If the FIFO is full when a new character is received, that 
character is held in the Receive Shift Register until a FIFO 
position is available. If an additional character is received 
while this state exists, the contents of the FIFO are not 
affected: the character previously in the shift register is lost 
and the overrun error status bit (SR [4]) will be set upon 
receipt of the start bit of the new (overrunning) character. 
Wake Up Mode-In addition to the normal transmitter and 
receiver operation described above, the UART incorporates 
a special mode which provides automatic wake-up of the 
receiver through address frame recognition for multipro¬ 
cessor communications. This mode is selected by program¬ 
ming bits MR1[4:3] to ‘11’. 

In this mode, a ‘master’ station transmits an address 
character followed by data characters for the addressed 
‘slave’ station. The slave stations, whose receivers are nor¬ 
mally disabled, examine the received data stream and 
‘wake-up’ the CPU (by setting RXRDY) only upon receipt of 
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RECEIVER (Continued) 

a received address character. The CPU compares the re¬ 
ceived address to its station address and enables the re¬ 
ceiver if it wishes to receive the subsequent data charac¬ 
ters. Upon receipt of another address character, the CPU 
may disable the receiver to initiate the process again. 

A transmitted character consists of a start bit, the pro¬ 
grammed number of data bits, an address/data (A/D) bit, 
and the programmed number of stop bits. The polarity of 
the transmitted A/D bit is selected by the CPU by program¬ 
ming bit MR1 [2]. A zero transmitted in the A/D bit position 
identifies the corresponding data bits as data; A one in the 
A/D bit position identifies the corresponding data bits as an 
address. The CPU should program the Mode Register prior 
to loading the corresponding data bits into the THR. 

While in this mode, the receiver (whether enabled or dis¬ 
abled) continuously looks at the received data stream. If the 
receiver is disabled, it sets the RXRDY status bit and loads 
the character into the RHR FIFO if the received A/D bit is a 
one, but discards the received character if the received A/D 
bit is a zero. If enabled, all received characters are trans¬ 
ferred to the CPU via the RHR. In either case, the data bits 
are loaded Into the data FIFO while the A/D bit is loaded 
into the status FIFO position normally used for parity error 
(SR [5]). Framing error, overrun error, and break detect op¬ 
erate normally whether or not the receiver is enabled. 

OPERATION CONTROL 

The Operation Control logic receives operation com¬ 
mands from the CPU and generates appropriate signals to 
internal sections of the UART to control its operation. It con¬ 
tains address decoding and read and write circuits to permit 
communications with the microprocessor via the data bus 
buffer. The functions performed by the CPU read and write 
operations are shown in Table 1. 


Table 1. Register Addressing 


A2 



READ 
(RDN = 0) 

WRITE 
(WRN = 0) 

0 

0 

0 

MR1,MR2 

MR1,MR2 

0 

0 

1 

SR 

CSR 

0 

1 

0 

Reserved* 

CR 

0 

1 

1 

RHR 

THR 

1 

0 

0 

Reserved* 

ACR 

1 

0 

1 

ISR 

IMR 

1 

1 

0 

CTU 

CTUR 

1 

1 

1 

(CTL) 

CTLR 


* Reserved registers should never be read during normal operation since 
they are reserved for internal diagnostics. 

ACR — Auxiliary control register 

CR — Command register 

CSR “ Clock select register 

CTL — Counter/timer lower 

CTLR— Counter/timer lower register 
CTU — Counter/timer upper 
CTUR — Counter/timer upper register 
MR — Mode Register A 

SR — Status register 

THR — Transmit holding register 

RHR — Receiver holding register 


Mode registers 1 and 2 are accessed via an auxiliary point¬ 
er. The pointer is set to MR1 by RESET or by issuing a reset 
pointer command via the command register. Any read or 
write of the mode register while the pointer is at MR1 
switches the pointer to MR2. The pointer then remains at 
MR2 so the subsequent accesses are to MR2, unless the 
pointer is reset to MR1 as described above. 

Interrupt Control 

A single interrupt output (INTRN) Is provided. It is assert¬ 
ed by any of the following internal events: 

—^Transmit holding register ready 
—Transmit shift register empty 
—Receive holding register ready or FIFO full 
—Change In break received status 
—Counter reached terminal count 
—Change in MPI input 
—High level at the MPI input 

Associated with the Interrupt system are the interrupt 
mask register (IMR) and the interrupt status register (ISR). 
The IMR can be programmed to select only certain of the 
above conditions to cause INTRN to be asserted. The ISR 
can be read by the CPU to determine all currently active 
interrupt conditions. However, the bits of the ISR are not 
masked by the IMR. 

Timing Circuits 

The timing block consists of a crystal oscillator, a baud 
rate generator, a programmable 16-bit counter/timer, and 
two clock selectors. 

The crystal oscillator operates directly from a 3.6864 
MHz crystal connected across the XI /CLK and X2 inputs. 
An external clock of the appropriate frequency may be con- 
neted to XI /CLK. If an external clock is used instead of a 
crystal, XI /CLK is driven by a configuration similar to the 
one in Figure 5. However, the input-high voltage must be 
capable of attaining 4.4V. The clock serves as the basic 
timing reference for the baud rate generator (BRG), the 
counter/timer and other internal circuits. A clock frequency, 
within the limits specified In the electrical specifications, 
must be supplied even if the internal BRG is not used. 

The baud rate generator operates from the oscillator or 
external clock input and is capable of generating 18 com¬ 
monly used data communications baud rates ranging from 
50 to 38.4k baud. Thirteen of these are available simulta¬ 
neously for use by the receiver and transmitter. Eight are 
fixed, and one of two sets of five can be selected by pro¬ 
gramming ACR [7]. The clock outputs from the BRG are at 
16X the actual baud rate. The counter/timer can be used as 
a timer to produce a 16X clock or any other baud rate by 
counting down the crystal clock or an external clock. The 
clock selectors allow the independent selection by the re¬ 
ceiver and transmitter of any of these baud rates or an ex¬ 
ternal timing signal. 

The Counter/Timer operation Is programmed by 
ACR [6:4]. One of eight timing sources can be used as the 
input to the 0/1. The output of the 0/1 is available to the 
clock selectors and can also be programmed by ACR [2:0], 
to be output on the MPO pin. 
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OPERATION CONTROL (Continued) 

In the timer mode, the C/T generates a square wave 
whose period is twice the number of clock periods loaded 
into the C/T upper and lower registers (CTUR and CTLR), 
The counter ready bit in the ISR is set once each cycle of 
the square wave. If the value of CTUR or CTLR is changed, 
the current half-period will not be affected, but subsequent 
half-periods will be affected. In this mode the C/T runs con¬ 
tinuously and does not recognize the stop counter com¬ 
mand (the command only resets the counter ready bit in 
the ISR). Receipt of a start C/T command cause the coun¬ 
ter to terminate the current timing cycle and to begin a new 
cycle using the values in CTUR and CTLR. 

In the counter mode, the C/T counts down the number of 
pulses loaded into CTUR and CTLR. Counting beings upon 
receipt of a start C/T command. Upon reaching terminal 
count, the counter ready bit in the ISR is set. The counter 
continues counting past the terminal count until stopped by 
the CPU. If MPO is programmed to be the output of the C/T, 
the output remains high until terminal count is reached, at 
which time it goes low. The output returns to the high state 
and the counter ready bit is cleared when the counter is 
stopped by a stop counter command. The CPU may 
change the values of CTUR and CTLR at any time, but the 
new count becomes effective only on the next start coun¬ 
ter command following a stop counter command. If new 
values have not been loaded, the previous count values are 
preserved and used for the next count cycle. 

In the counter mode, the current value of the upper and 
lower 8 bits of the counter may be read by the CPU. It is 
recommended that the counter be stopped when reading to 
prevent potential problems which may occur if a carry from 
the lower 8 bits to the upper 8 bits occurs between the 
times that both halves of the counter are read. However a 
subsequent start counter command causes the counter to 
begin a new count cycle using the values in CTUR and 
CTLR. 

Multi-Purpose Input Pin— The MPI can be programmed 
as input to one of several UART circuits. The function of the 
pin is selected by programming the appropriate control reg¬ 
ister (MR2[4], ACR[6:4], CSR[7:4], 3:0]). Only one of the 
functions may be selected at any given time. If CTS pr GPI 
is selected, a change-of-state detector provided with the pin 
is activated. A high-to-low or low-to-high transition of the 
inputs lasting longer than 25-50 juisec sets the MPI change- 
of-state bit in the interrupt status register. The bit is cleared 
via a command. The change-of-state can be programmed 
to generate an interrupt to the CPU by setting the corre¬ 
sponding bit in the interrupt mask register. 

The input pin pulse detection circuitry uses a 38.4 kHz 
sampling clock derived from one of the baud rate generator 
taps. This produces a sampling period of slightly more than 
25 juLsec (assuming a 3.6864 MHz oscillator input). The de¬ 
tection circuitry, in order to guarantee that a true change In 
level has occurred, requires that two successive samples at 
the new logic level be observed. Consequently, the mini¬ 
mum duration of the signal change is 25 jusec If the tran¬ 
sition occurs coincident with the first sample pulse. The 
50 jULsec time refers to the condition where the change-of- 
state is just missed and the first change-of-state is not de¬ 
tected until after an additional 25 jmsec. 
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REGISTERS 

The operation of UART is programmed by writing control 
words into the appropriate register. Operational feedback is 
provided via status registers which can be read by the CPU. 
Addressing of the registers is as described in Table 1. 

The contents of certain control registers are initialized to 
zero on RESET. Changing the contents of a register during 
operation may cause operation problems— e.g., changing 
the number of bits per character while the transmitter is 
active may cause the transmission of an incorrect charac¬ 
ter. The contents of the MR, the CSR, and the ACR should 
only be changed while the receiver(s) and transmitter(s) are 
disabled, and certain changes to the ACR should only be 
made while the C/T is stopped. 

The bit formats of the UART registers are depicted in Ta¬ 
ble 2 and described below. 

MR1—Mode Register 1 

MR1 is accessed when the MR pointer points to MR1. 
The pointer is set to MR1 by RESET or by a set pointer 
command applied via the CR. After reading or writing MR1, 
the pointers are set at MR2. 

MR1 [7]—Receiver Request-To-Send Control. This bit 
controls the deactivation of the RTSN output (MPO) by the 
receiver. This output is manually asserted and negated by 
commands applied via the Command Register. A “1” in 
MR1 [7] causes RTSN to be automatically negated upon re¬ 
ceipt of a valid start bit if the receiver FIFO is full. RTSN is 
reasserted when an empty FIFO position is available. The 
feature can be used to prevent overrun in the receiver by 
using the RTSN output signal to control the CTS Input of the 
transmitting device. 

MR1 [6]—Receiver Interrupt Select. This bit selects ei¬ 
ther the receiver ready status (RXRDY) or the FIFO full 
status (FFULL) to be used for CPU interrupts. 

MR1[5]—Error Mode Select. This bit selects the operat¬ 
ing mode of the three FIFOed status bits (FE, PE, received 
break). In the character mode, status is provided on a char¬ 
acter-by-character basis (the status applies only to the char¬ 
acter at the top of the FIFO). In the block mode, the status 
provided in the SR for these bits Is the accumulation (logical 
OR) of the status for all characters coming to the top of the 
FIFO since the last reset error command was issued. 

MR1 [4:3]—Parity Mode Select. If “with parity” or “force 
parity” is selected, a parity bit is added to the transmitted 
character and the receiver performs a parity check on in¬ 
coming data. If MR1 [4:3] = 11, the channel operates in the 
special wake-up mode. 

MR1 [2]—Parity Type Select. This bit selects the parity 
type (odd or even) if the “with parity” mode is programmed 
by MR1 [4:3], and the polarity of the forced parity bit if the 
“force parity” mode is programmed. It has no effect if the 
“no parity” mode is programmed. In the special wake-up 
mode, it selects the polarity of the A/D bit. 

MR1[1:0]—BIts-Per-Character Select. This field selects 
the number of data bits per character to be transmitted and 
received. The character length does not include the start, 
parity, and stop bits. 
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REGISTERS (Continued) 

MR2—Mode Register 2 

MR2 is accessed when the channel MR pointer points to 
MR2, which occurs after any access to MR1. Accesses to 
MR2 do not change the pointer. 

MR2 [7:6]—Mode Select. The UART can operate in one 
of four modes: MR2[7:6] = 00 is the normal mode, with the 
transmitter and receiver operating independently. MR2[7:6] 
= 01 places the channel in the automatic echo mode, 
which automatically retransmits the received data. The fol¬ 
lowing conditions are true while in automatic echo mode: 

1. Received data is reclocked and retransmitted on the 
TXD output. 

2. The receive clock is used for the transmitter. 

3. The receiver must be enabled, but thd transmitter need 
not be enabled. 

4. The TXRDY and TXEMT status bits are inactive. 

5. The received parity is checked, but is not regenerated 
for transmission, i.e., transmitted parity bit is as re¬ 
ceived. 

6. Character framing is checked, but the stop bits are re¬ 
transmitted as received. 

7. A received break is echoed as received until the next 
valid start bit is detected. 

8. CPU to receiver communication continues normally, but 
the CPU to transmitter link is disabled. 

Two diagnostic modes can also be selected. A local loop- 
back mode is selected If MR2[7:6] = 10. In this mode: 

1. The transmitter output is internally connected to the re¬ 
ceiver input. 

2. The transmit clock is used for the receiver. 

3. The TXD output is held high. 

4. The RXD input is ignored. 

5. The transmitter must be enabled, but the receiver need 
not be enabled. 

6. CPU to transmitter and receiver communications con¬ 
tinue normally. 

The second diagnostic mode is the remote loopback 
mode, selected by MR2[7:6] = 11. In this mode: 

1. Received data is reclocked and retransmitted on the 
TXD output. 

2. The receive clock Is used for the transmitter. 

3. Received data is not segt to the local CPU, and the 
error status conditions are inactive. 

4. The received parity is not checked and is not regenerat¬ 
ed for transmission, i.e., the transmitted parity bit is as 
received. 

5. The receiver must be enabled, but the transmitter need 
not be enabled. 

6. Character framing is not checked, and the stop bits are 
retransmitted as received. 


7. A received break is echoed as received until the next 
valid start bit is detected. 

When switching in and out of the various modes, the se¬ 
lected mode is activated immediately upon mode selection, 
even if this occurs In the middle of a received or transmitted 
character. Similarly, if a mode is deselected, the device will 
switch out of the mode immediately. An exception to this is 
switching out of auto echo or remote loopback modes; if the 
deselection occurs just after the receiver has sampled the 
stop bit (Indicated to be in auto-echo by assertion of 
RXRDY), and the transmitter is enabled, the transmitter will 
remain In auto echo mode until one full stop bit has been 
retransmitted. 

MR2[5]—Transmitter RequesMo-Send Control. This 
bit controls the deactivation of the RTSN output (MPO) by 
the transmitter. This output is manually asserted and negat¬ 
ed by appropriate commands issued via the command reg¬ 
ister. If MR2[5] = 1, RTSN Is reset automatically one bit 
time after the character in the transmit shift register and in 
the THR (if any) are completely transmitted; includes the 
programmed number of stop bits if the transmitter is not 
enabled. This feature can be used to automatically termi¬ 
nate the transmission of a message as follows: 

1. Program auto-reset mode (MR2[5] = 1). 

2. Enable transmitter. 

3. Assert RTSN via command. 

4. Send message. 

5. Verify the next-to-last character of the message is being 
sent by waiting until transmitter ready is asserted. Dis¬ 
able transmitter after the last character is loaded into 
the THR. 

6. The last character will be transmitted and RTSN will be 
reset one bit-time after the last stop bit. 

MR2[4]—Clear-to-Send Control. The state of this bit 
determines if the CTSN input (MPI) controls the operation of 
the transmitter. If this bit is 0, CTSN has no effect on the 
transmitter. If this bit is a 1, the transmitter checks the state 
of CTSN each time It is ready to send a character. If it is 
asserted (low), the character is transmitted. If it is negated 
(high), the TXD output remains in the marking state and the 
transmission is delayed until CTSN goes low. Changes in 
CTSN while a character is being transmitted does not affect 
the transmission of that character. This feature can be used 
to prevent overrun of a remote receiver. 

MR2[3:0]—Stop Bit Length Select. This field programs 
the length of the stop bit appended to the transmitted char¬ 
acter. Stop bit lengths of Vie to 1 and to 2 bits, in 
Increments of Vie bit, can be programmed for character 
lengths of 6, 7, and 8 bits. For a character length of 5 bits, 
1 Vie to 2 stop bits can be programmed in increments of Vie 
bit. In all cases, the receiver only checks for a mark condi¬ 
tion at the center of the first stop-bit position (one bit-time 
after the last data bit, or after the parity bit if parity is en¬ 
abled). If an external 1 x clock is used for the transmitter, 
MR2[3] = 0 selects one stop bit and MR2[3] = 1 selects 
two stop bits to be transmitted. 
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Table 2. Register B\X Formats 
MR1 


BIT7 

BITS 

BITS 

BIT4 BIT3 

BIT2 

BIT1 BITO 

RXRTS 

R/INT 

ERROR 

PARITY MODE 

PARITY 

BITS PER CHAR 

CONTROL 

SELECT 

MODE 

TYPE 

0 = no 

0 = RXRDY 

0 = char 

00 = with parity 

0 = even 

00 = 5 

1 = yes 

1 = FFULL 

1 = blobk 

01 = force parity 

1 = odd 

01 = 6 




10 = no parity 


10 = 7 




11 = speciai mode 


11=8 



BIT7 

BITS 

BITS 

m2 

BIT4 BIT3 

BIT2 

BIT1 

BITO 


CHANNEL MODE 

TxRTS 

CONTROL 

CTS 

ENABLE Tx 


STIP BIT LENGTH* 


00 = Normal 

0 = no 

0 = no 

0 = 0.563 

4 = 0.813 

8 = 1.563 

C = 1.813 

01 = Auto Echo 

1 = yes 

1 = yes 

1 = 0.625 

5 = 0.875 

9 = 1.625 

D = 1.875 

10 = Lock Loop 



2 = 0.688 

6 = 0.938 

A = 1.688 

E = 1.938 

11 = Remote Loop 



3 = 0.750 

7 = 1.000 

B = 1.750 

F = 2.000 


♦Add 0.5 to values shown for 0-7, if channel is programmed for 5 bits/char. 




CSR 

BIT7 BITS BITS BIT4 BIT3 

BIT2 BIT1 

BITO 

RECEIVER CLOCK SELECT 

See Text 


TRANSMITTER CLOCK SELECT 

See Text 



CR 

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO 


MISCELLANEOUS COMMANDS 

DISABLE Tx 

ENABLE Tx 

DISABLE Rx 

ENABLE Rx 

See Text 

0 = no 

0 = no 

0 = no 

0 = no 


1 = Yes 

1 = yes 

1 = yes 

CO 

II 
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Table 2. Register Bits Formats (Continued) 


BIT7 

BITS 

BITS 

SR 

BIT4 

BITS 

BIT2 

BIT1 

BITO 

RECEIVED 

BREAK 

FRAMING 

ERROR 

PARITY 

ERROR 

OVERRUN 

ERROR 

TXEMT 

TXRDY 

FFULL 

RXRDY 


0 = no 

0 = no 

0 = no 

0 = no 

0 = no 

0 = no 

0 = no 


1 = yes 
* 

1 = yes 
* 

1 = yes 

1 = yes 

1 = yes 

1 = yes 

1 = yes 


*These status bits are appended to the corresponding data character in the receive FiFO. A read of the status register provides these bits [7:5] from the top of the 
FIFO together with bits [4:0]. These bits are cleared by a reset error status command, in character mode they are reset when the corresponding data character is 
read from the FIFO. 


ACR 

BIT7 BITS BITS BIT4 BITS BIT2 BIT1 BITO 


BRG SET 

COUNTER/TIMER 

POWER 

DOWN 

MODE 


MPO PIN 

SELECT 

MODE AND SOURCE 

FUNCTION SELECT 

0 = Set 1 


0 = On 

000 = RTSN 

100 = RXC(IX) 

1 = Set2 

See Text 

1 = off 

001 = C/TO 

101 = RXC(16X) 



010 = TXC(IX) 

110 = TXRDY 




oil = TXC(16X) 

111 = RXRDY/FFULL 





ISR 




BIT7 

BITS 

BITS 

BIT4 

BITS 

BIT2 

BIT1 

BITO 

MPI PIN 

MPI PIN 
CURRENT 
STATE 


COUNTER 

DELTA 

RXRDY/ 



CHANGE 


READY 

BREAK 

FFULL 

TXEMT 

TXRDY 

0 = no 

0 = low 

not 

0 = no 

0 = no 

0 = no 

0 = no 

0 = no 

1 = yes 

1 = high 

used 

1 = yes 

1 = yes 

1 = yes 

1 = yes 

1 = yes 





BIT7 

BITS 

BITS 

IMR 

BIT4 

BITS 

BIT2 

BIT1 

BITO 


MPI 

MPI 


COUNTER 

DELTA 

RXRDY 

TXEMT 

INT 

TXRDY 

INT 

CHANGE 

LEVEL 


READY 

BREAK 

FFULL 

INT 

INT 


INT 

INT 

INT 

0 = off 

0 = off 







1 = on 

1 = on 








BIT7 

BITS 

BITS 

CTUR 

BIT4 BITS 

BIT2 

BIT1 

BITO 

C/T[15] 

C/T[14] 

C/T[131 

C/T[12] 

C/T[11] 

C/T[10] 

C/T[9] 

C/T[8] 

BIT7 

BITS 

BITS 

CTLR 

BIT4 BITS 

BIT2 

BIT1 

BITO 

c/im 

C/T[6] 

C/T[5] 

C/T[4] 

C/T[4] 

C/T[2] 




INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


11-11 


IM26C91 


















IM26C91 


IM26C91 


Table 3. Baud Rate 



CSR[3:0]/[7:4] 


ACR[7] = 0 

ACR[7] = 1 

0 

0 

0 

0 

50 

75 

0 

0 

0 

1 

110 

110 

0 

0 

1 

0 

134.5 

134.5 

0 

0 

1 

1 

200 

150 

0 

1 

0 

0 

300 

300 

0 

1 

0 

1 

600 

600 

0 

1 

1 

0 

1,200 

1,200 

0 

1 

1 

1 

1,050 

2,000 

1 

0 

0 

0 

2,400 

2,400 

1 

0 

0 

1 

4,800 

4,800 

1 

0 

1 

0 

7,200 

1,800 

1 

0 

1 

1 

9,600 

9,600 

1 

1 

0 

0 

38.4k 

19.2k 

1 

1 

0 

1 

Timer 

Timer 

1 

1 

1 

0 

MPI-16X 

MPI-16X 

1 

1 

1 

1 

MPI-1X 

MPI-1X 


The receiver clock is always a 16X clock, except for CSR[7:4] = 1111 


CSR—Select Register 

CSR[7:4]—Receiver Clock Select. When using a 3.6864 
MHz crystal or external clock input, this field selects the 
baud rate clock for the receiver as shown in Table 3. 

CSR [3:0]—Transmitter Ciock Seiect. This field selects 
the baud rate clock for the transmitter. The field definition is 
as shown In Table 3. 

CR—Command Register 

CR is used to write commands to the DART. Multiple 
commands can be specified in a single write to CR as long 
as the commands are non-conflicting, e.g., the enable 
transmitter and reset transmitter commands cannot be 
specified in a single command word. 

CR[7:4]—Misceiianeous Commands. The encoded val¬ 
ue of this field may be used to specify a single command as 
follows: 

0000 No command 

0001 Reset MR pointer. Causes the MR pointer to point 
to MR1. 

0010 Reset receiver. Resets the receiver as If a hardware 
reset had been applied. The receiver is disabled 
and the FIFO is flushed. 

0011 Reset transmitter. Resets the transmitter as If a 
hardware reset had been applied. 

0100 Reset error status. Clears the received break, parity 
error, framing error and overrun error bits in the 
status register (SR[7:4]). Used In character mode to 
clear OE status (although RB, PE, and FE bits will 
also be cleared), and in block mode to clear all error 
status after a block of data has been received. 

0101 Reset break change interrupt. Causes the break de¬ 
tect change bit in the interrupt status register 
(SR [3]) to be cleared to zero. 


0110 Start break. Forces the TXD output low (spacing). If 
the transmitter is empty, the start of the break con¬ 
dition will be delayed up to two bit-times. If the 
transmitter is active, the break begins when trans¬ 
mission of the character is completed. If a character 
is in the THR, the start of break is delayed until that 
character (or any others loaded after It) has been 
transmitted (TXEMT must be true before break be¬ 
gins). The transmitter must be enabled to start a 
break. 

0111 Stop break. The TXD line will go high (marking) 
within two bit times. TXD will remain high for one bit 
time before the next character, if any. Is transmit¬ 
ted. 

1000 Start C/T. In counter or timer modes, causes the 
contents of CTUR/CTLR to be preset into the 
counter/timer and starts the counting cycle. In timer 
mode, any counting cycle in progress when the 
command is issued is terminated. In counter mode, 
has no effect unless a stop C/T command was is¬ 
sued previously. 

1001 Stop counter. In counter mode, stops operation of 
the counter/timer, resets the counter-ready bit in 
the ISR, and forces the MPO output high If it is pro¬ 
grammed to be the output of the C/T. In timer 
mode, resets the counter-ready bit in the ISR but 
has no affect on the counter/timer itself or on the 
MPO output. 

1010 Assert RTSN. Causes the RTSN output to be as¬ 
serted (low). 

1011 Negate RTSN. Causes the RTSN output to be neg¬ 
ated (high). 

1100 Reset MPI change interrupt. Causes the MPI 
change bit in the interrupt status register (SR [7]) to 
be cleared to zero. 


1101 Reserved. 

11 lx Reserved. 

INTERSIL’S SOLE AND EXCLUSIvI WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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REGISTERS (Continued) 

CR[3]—Disabled Transmitter. This command termi¬ 
nates transmitter operation and resets the TXRDY and 
TXEMT status bits. However, if a character is being trans¬ 
mitted or if a character is in the THR when the transmitter is 
disabled, the transmission of the character(s) is completed 
before assuming the inactive state. 

CR [2]—Enable Transmitter. Enables operation of the 
channel A transmitter. The TXRDY status bit will be assert¬ 
ed. 

CR[1]—Disable Receiver. This command terminates op¬ 
eration of the receiver immediately— a character being re¬ 
ceived will be lost. The command has no effect on the re¬ 
ceiver status bits or any other control registers. If the spe¬ 
cial wakeup mode is programmed, the receiver operates 
even if it is disabled (see Wakeup Mode). 

CR[0]— Enable Receiver. Enables operation of the re¬ 
ceiver. If not in the special wakeup mode, this also forces 
the receiver into the search for start-bit state. 

SR—Channel Status Register 

SR[7]—Receiver Break. This bit indicates that an all 
zero character of the programmed length has been re¬ 
ceived without a stop bit. Only a single FIFO position is oc¬ 
cupied when a break is received; further entries to the FIFO 
are inhibited until the RXD line returns to the marking state 
for at least one half bit-time (two successive edges of the 
internal or external 1X clock). 

When this bit is set, the change in break bit in the ISR 
(SR [3]) is set. ISR [3] is also set when the end of the break 
condition, as defined above, is detected. 

The break detect circuitry is capable of detecting breaks 
that orginate in the middle of a received character. Howev¬ 
er, if a break begins in the middle of a character, it must last 
until the end of the next character time in order for it to be 
detected. 

SR[6]—Framing Error (FE). This bit, when set, indicates 
that a stop bit was not detected when the corresponding 
data character in the FIFO was received. The stop bit check 
is made in the middle of the first stop bit position. 

SR [5]—Parity Error (PE). This bit is set when the with 
parity or force parity mode is programmed and the corre¬ 
sponding character in the FIFO was received with incorrect 
parity. 

In the special wakeup mode, the parity error bit stores the 
received A/D bit. 

SR[4]--Overrun Error (OE). This bit, when set, indicates 
that one or more characters in the received data stream 
have been lost. It is set upon receipt of a new character 


when the FIFO is full and a character is already in the re¬ 
ceive shift register waiting for an empty FIFO position. 
When this occurs, the character in the receive shift register 
(and its break detect, parity error and framing error status, if 
any) is lost. 

This bit is cleared by a reset error status command. 

SR[3]—Transmitter Empty (TXEMT). This bit will be set 
when the transmitter underruns, i.e., both the transmit hold¬ 
ing register (THR) and the transmit shift register are empty. 
However, this bit is not set until one character has been 
transmitted. It is set after transmission of the last stop bit of 
a character, if no character is in the THR awaiting transmis¬ 
sion. It is reset when the THR is loaded by the CPU, or 
when the transmitter is disabled. 

SR[2]—Transmitter Ready (TXRDY). This bit, when set, 
indicates that the THR is empty and ready to be loaded with 
a character. This bit is cleared when the THR is loaded by 
the CPU and is set when the character is transferred to the 
transmit shift register. TXRDY is reset when the transmitter 
is disabled and is set when transmitter is first enabled, e.g., 
characters loaded in the THR while the transmitter is dis¬ 
abled will not be transmitted. 

SR[1]—FIFO (FFULL). This bit is set when a character is 
transferred from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to become full, i.e., 
all three FIFO positions are occupied. It is reset when the 
CPU reads the FIFO and there is no character in the receive 
shift register. If a character is waiting in the receive shift 
register because the FIFO is full, FFULL wil be reset by the 
CPU read and then set by the transfer of the character to 
the FIFO, which causes all three FIFO positions to be occu¬ 
pied. 

SR [0]—Receiver Ready (RXRDY). This bit indicates 
that a character has been received and is waiting in the 
FIFO to be read by the CPU. It is set when the character is 
transferred from the receive shift register to the FIFO and 
reset when the CPU reads the RHR, and no more charac¬ 
ters are in the FIFO. 

ACR—Auxiliary Controi Register 

ACR[7]—Baud Rate Generator Set. This bit selects one 
of two sets of baud rates generated by the BRG. 

Set1: 50,110, 134.5, 200, 300, 600, 1.05K, 1.2K, 2.4K, 
4.8K, 7.2K, 9.6K and 38.4K baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2K, 1.8K, 2.0K, 
2.4K, 4.8K, 9.6K, and 19.2K baud. 

The selected set of rates is available for use by the re¬ 
ceiver and transmitter. 

ACR[6:4]—Counter/Timer Mode and Clock Source 
Select. This field selects the operating mode of the coun¬ 
ter/timer and its clock source as follows: 



# 
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NOTE: AH typical values have been characterized but are not tested. 


11-13 


IM26C91 



IM26C91 


IM26C91 


REGiSTERS (Continued) 


ACR[6:4] 

Mode 

Clock Source 

0 

0 

0 

Counter 

MPI Pin 

0 

0 

1 

Counter 

MPI pin divided by 16 

0 

1 

0 

Counter 

TXC—1 X clock of the transmitter 

0 

1 

1 

Counter 

Crystal or external clock 
(X 1/CLK) divided by 16 

1 

0 

0 

Timer 

MPI Pin 

1 

0 

1 

Timer 

MPI Pin divided by 16 

1 

1 

0 

Timer 

Crystal or external 
clock (X 1/CLK) 

1 

1 

1 

Timer 

Crystal or external clock 
(X 1/CLK) divided by 16 


ACR[3]—Power Down Mode Select. This bit, when set 
to zero, selects the power down mode. In this mode, the 
oscillator is stopped and all functions requiring this clock 
are suspended. The contents of all registers are saved, it is 
recommended that the transmitter and receiver be disabled 
prior to placing the UART in this mode. This bit must be set 
to a logic 1 after power up. 

ACR[2:0]^MP0 Output Select. This field programs the 
MPO output pin to provide one of the following: 

000 Request to send active low output (RTSN). This out¬ 
put is asserted and negated via the command regis¬ 
ter. Mode RTSN can be programmed to be automati¬ 
cally reset after the character in the transmitter is 
completely shifted out or when the receiver FIFO and 
receiver shift register are full using MR2[5] and 
MR1 [7], respectively. 

001 The counter/timer output. In the timer mode, this out¬ 
put is a square wave with a period of twice the value 
(in clock periods) of the contents of the CTUR and 
CTLR. In the counter mode, the output remains high 
until the terminal count is reached, at which time It 
goes low. The output returns to the high state when 
the counter is stopped by a stop counter command. 
010 The 1 X clock for the transmitter which is the clock 
that shifts the transmitted data. If data is not being 
transmitted, a non-synchronized 1 x clock is output, 
oil The 16 X clock for the transmitter. This is the clock 
selected by CSR[3:0], and is a 1 X clock if CSR[3:0] 
= 1111. 

100 The 1 X clock for the receiver, which is the clock that 
samples the received data, if data is not being re¬ 
ceived, a non-synchronized 1 x clock is output. 

101 The 16 X clock for the receiver. This is the clock se¬ 
lected by CSR[7:4], and is a 1 X clock if CSR[7.4] = 
1111. 

110 The transmitter register empty signal, which is the 
complement of SR [2]. Active low input. 

111 The receiver ready or FIFO full signal (complement of 
ISR[2]). Active low output. 




ISR—Interrupt Status Register 

This register provides the status of all potential interrupt 
sources. The contents of this register are masked by the 
Interrupt mask register (IMR). If a bit in the ISR is a ‘V and 
the corresponding bit In the IMR is also a ‘1’, the INTRN 
output is asserted (low). If the corresponding bit in the IMR 
is a zero, the state of the bit in the ISR has no affect on the 
INTRN output. Note that the IMR does not mask the reading 
of the ISR—the true status is provided regardless of the 
contents of the IMR. 

ISR[7]—MPI Change of State. This bit is set when a 
change of state occurs at the MPI input pin. it is reset by a 
reset MPI change interrupt command. 

ISR [6]—MPI Current State. This bit provides the current 
state of the MPI pin. The Information is unlatched and re¬ 
flects the state of the pin at the time the ISR is read. 

ISR[4]—Counter Ready. In the counter mode of opera¬ 
tion, this bit is set when the counter reaches terminal count 
and is reset when the counter is stopped by a stop counter 
command. It is initialized to ‘0’ when the chip is reset. 

In the timer mode, this bit is set once each cycle of the 
generated square wave (every other time the C/T reaches 
zero count). The bit is reset by a stop counter command. 
The command, however, does not stop the C/T. 

ISR [3]—Change in Break. This bit, when set, indicates 
that the receiver has detected the beginning or the end of a 
received break. It is reset when the CPU issues a reset 
break change interrupt command. 

ISR [2]—Receiver Ready or FIFO Full. The function of 
this bit is programmed by MR1 [6]. If programmed as receiv¬ 
er ready, it indicates that a character has been received and 
is waiting in the FIFO to be read by the CPU. It is set when 
the character Is transferred from the receive shift register to 
the FIFO and reset when the CPU reads the receiver FIFO. 
If the FIFO contains more characters, the bit will be set 
again after the FIFO is read. If programmed as FIFO full. It is 
set when a character is transferred from the receive holding 
register to the receive FIFO and the transfer causes the 
FIFO to become full, I.e., all three FIFO positions are occu¬ 
pied. It is reset when FIFO is read and there is no character 
in the receive shift register. If there is a character waiting in 
the receiver shift register because the FIFO is full, the bit is 
set again when the waiting character is transferred Into the 
FIFO. 

ISR[1]—Transmitter Empty. This bit is a duplicate of 
TXEMT (SR[3]). 

ISR [0]— Transmitter Ready. This bit is a duplicate of 
TXRDY (SR[2]). 

IMR—Interrupt Mask Register 

The programming of this register selects which bits in the 
ISR cause an interrupt output. If a bit in the ISR is a ‘1’ and 
the corresponding bit in the IMR is a ‘1’, the INTRN output 
is asserted (low). If the corresponding bit in the IMR is a 
zero, the state of the bit In the ISR has no effect on the 
INTRN output. Note that the IMR does not mask reading of 
the ISR. 

CTUR and CTLR—Counter/Timer Register 

The CTUR and CTLR hold the eight MSB’s and eight 
LSB’s respectively, the value to be used by the counter/tim- 
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REGISTERS (Continued) 

er in either the counter or timer modes of operation. The 
minimum value which may be loaded is 000216 - 

In the Timer (programmable divider) mode, the C/T gen¬ 
erates a square wave whose period is twice the value (in 
clock periods) of the CTUR and CTLR. If the value in CTUR 
or CTLR is changed, the current half-period will not be af¬ 
fected, but subsequent half-periods will be. 

The counter ready status bit (SR [4]) is set once each 
cycle of the square wave. The bit is reset by a stop counter 
command. The command, however, does not stop the C/T. 
The generated square wave is output on MPO if it is pro¬ 
grammed to be the C/T output. 

In the counter mode, the C/T counts down the number of 
pulses loaded into CTUR and CTLR. Counting begins upon 
receipt of a start C/T command. Upon reaching the terminal 
count, the counter-ready Interrrupt bit (SR [4]) is set. The 
counter continues counting past the terminal count until 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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Stopped by the CPU. If MPO is programmed to be the output 
of the C/T, the output remains high until the terminal count 
Is reached, at which time it goes low. 

The output returns to the high state and ISR[4] is cleared 
when the counter is stopped by a stop counter command. 
The CPU may change the values of CTUR and CTLR at any 
time, but the new count becomes effective only on the next 
start-counter command. If new values have not been load¬ 
ed, the previous count values are preserved and used for 
the next count cycle. 



NOTE: AH typical values have been characterized but are not tested. 
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INTERRUPr 

OUTPUT 



VoL +0.5V 
— Vo, 


NOTES: 

1. INTRN or MPO when used as interrupt outputs. 

2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of 
the switching signal, V^, to a point 0.5V, above Vql. This point represents a noise margin that assures true switching has occurred. Beyond this level, the 
effects of external circuitry and test environment are pronounced and can greatly affect the resultant measurement. 

Figure 6: Interrupt Timing 


XI/CLK, CA CLK, 
RxC, TxC 



PROM EXERNAL SOURCE 


C1: 10-15 pF + (STRAY < 5 pF) 
C2: 0-5 pF + (STRAY < 5 pF) 


h: 



CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 130ft 


Figure 7: Clock Timing 


1 BIT TIME 
(1 OR 16 CLOCKS) 



TxC 
(IX OUTPUT) 



Figure 8: Transmit Timing 
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RxC 
(IX INPUT) 


RxD 



Figure 9: Receive Timing 


0104-11 



NOTES: 

1. Timing shown for MR2[4] = 1. 

2. Timing shown for MR2[5] = 1. 


Figure 10: Transmitter Timing 
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IM4702/4712 

Baud Rate Generator 



GENERAL DESCRIPTION 

The IM4702/12 Baud Rate Generators provide neces¬ 
sary clock signals for digital data transmission systems, 
such as UARTs, using a 2.4576MHz crystal oscillator as an 
Input. They control up to 8 output channels and can be cas¬ 
caded for output expansion. 

Output rate is controlled by four digital input lines, and 
with the specified crystal, is selectable from “zero” through 
9600 Baud. In addition, 19200 Baud is possible via hardwir¬ 
ing. 

Multi-channel operation is facilitated by making the clock 
frequency and the 8 prescaler outputs available external¬ 
ly. This allows up to eight simultaneous Baud rates to be 
generated. 

The IM4712 is Identical to the IM4702 with the exception 
that the IM4712 integrates the oscillator feedback resistor 
and two load capacitors on-chip. 


ORDERING INFORMATION 



Temperature 

Range 

Package 

IM4702IJE 

-40“CtO +85“C 

16-pin CERDIP 

IM4702IPE 

-40°Cto +85°C 

16-pin PLASTIC 

IM4712IJE 

-40*Cto +85"C 

16-pin CERDIP 

IM4712IPE 

-40“Cto +85^0 

16-pin PLASTIC 


FEATURES 

• Provides 14 Most Commonly Used BAUD Rates 

• On-Chip Oscillator Requires Only One External Part 
(IM4712) 

• Controls Up to Eight Transmission Channels 

• TTL Compatible Outputs Will Sink 1.6mA 

• Uses Standard 2.4576MHz Crystal 

• Low Power Consumption: S.SmW Guaranteed 
Maximum Standby 

• Pin and Function Compatible With 4702B and HD- 
4702 

• Inputs Feature Active Puli-Ups 

PIN DESCRIPTION 


Signai 

Pin 

Description 

Q0-Q2 

1,2,3 

Prescaler Outputs 

eCP 

4 

External Clock Enable Input 

CP 

5 

External Clock Input 

Ox 

6 

Crystal Output 

lx 

7 

Crystal Input 

Vss 

8 

Negative Supply 

Co 

9 

Clock Output 

z 

10 

Baud Rate Output 

Sq —S 3 

14-11 

Baud Rate Select Inputs 

•m 

15 

Multiplexed Input 

Vdd 

16 

Positive Supply 



OoCl 


OaC 3 
IcpC 4 


CPC 

OxC 

vssC 


5 « 12 


□ VDO 

□ iM 

□ So 

□ Si 

□ Sa 

□ Sa 

□ 2 
□ co 


0373-2 


Figure 2: Pin 
Configuration 
(Outline drawings 
JE, PE) 


0373-1 

Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd-Vss) .H- 8 . 0 V 

Input or Output Voltage .Vss - 0.3V to Vqd+0.3V 

Storage Temperature Range.-65®Cto+150*C 

Operating Temperature Range .-40®C to+85‘’C 


NOTE: Stresses above those listed ur)der "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
impiied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiiity. 


ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS VDD=+ 5 V±io%Vss=ov,TA=- 40 °cto+ 85 °c 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Max 

V|H 

Input Voltage High 


70% Vcc 


V 


Input Voltage Low 




l|H 

Input Current 
High 

Other Inputs 

V|N = Vdd 

All Other pins grounded 


+ 1 


1x4712 


+ 10 

l|L 

Input Current 

Low 

lx 4702 

Pin under test at ground 

All other Inputs at Vqd 


-1 

|utA 

lx 4712 


+ 10 

Other Inputs 

-15 

-100 

VOH 

Output Voltage High 

•oh < ~ "• J^A; Inputs at Vss or Vdd 

Vdd ~ -05 


B 

VoL 

Output Voltage Low 

•oL< +1 jLtA; Inputs at Vss or Vqd 


0.05 

•oh 

Output Current 
High 

Ox 

Inputs at Vss or Vqd 

Vo = Vdd“-5 

-0.1 


mA 

All other 
Outputs 

-0.3 


Vo=-f2.5V 

-1.0 


•OL 

Output Current 
Low 

Ox 

Vo=0.4; Inputs at Vss or Vqd 

-0.1 


All other 
Outputs 

1.6 


•STBY 

Quiescent Supply Current 

Ecp=Vdd; CP=Vss 

All other Inputs=Vss or Vdd. 

All outputs open 


1.0 
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AC CHARACTERISTICS Vdd=+5VVss=ov,Ta=25“C 





Parameter 


Limite 

mn 



tplh(4702) 

Propagation delay(i), lx to CO 

Cl (except Ox) = 50pF 

Cl(Ox) = 7pF 

RL=200kn 

Input 

Transition times ^20ns 

Input low = 1.0V 

Input high=Vcc -1 OV 


350 

ns 

tphl(4702) 


275 

tplh(4712) 


350 

tp||(4712) 


275 

tplh 

Propagation clelay(i), CP to CO 


260 

tphi 


220 

^plh 

Propagation delay(i), CO to On 


(2) 

tphi 


(2) 

tplh 

Propagation delay(i), CO to Z 


85 

tphi 


75 

ttih 

Output Transition Time, (1) 

(except Ox) 


160 

tfhi 


75 

^S 

Set Up Time 

Select to CO 

350 


Im to CO 

350 



Hold Time 

Select to CO 

0 


l^ to CO 

0 


twCP(L) 

Clock pulse width(3) 

120 


twCP(H) 

120 


twix(L)(4702) 


160 


twlx(H)(4702) 

lx Pulse Width 

160 


twlx(L)(4712) 

190 


twlx(H)(4712) 

190 



NOTES: 1. Propagation delays and output transition times will vary with output load capacitance. 

2. For multichannei operation, propagatjon delay (CO to Qn) plus set-up time (Select to CO) is guaranteed to be less than 367ns for the IM4702/12. 

3. The first high level clock pulse after Ecp goes low must be at least 200ns wide to ensure reseting of all counters. 

4. For design reference only, not 100% tested. 
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Figure 3: Switching Waveforms 


FUNCTIONAL DESCRIPTION 

Digital data transmission systems employ a wide range of 
standardized bit rates, ranging from 50 baud (for electrome¬ 
chanical devices) to 9600 baud (for high speed modems). 
Modern electronic systems commonly use Universal Asyn¬ 
chronous Receiver and Transmitter circuits (UARTs) to con¬ 
vert parallel data inputs into a serial bit stream (transmitter) 
and to reconvert the serial bit stream into parallel outputs 
(receiver). In order to resynchronize the incoming serial 
data, the reciever requires a clock rate which is a multiple of 
the incoming bit rate. Popular MOSLSI UART circuits use a 
clock that is 16 times the transmitted bit rate. The IM4702/ 
12 can generate 14 standard clock rates from one common 
high frequency Input. 

The IM4702/12 contains the following five function sub¬ 
systems. 

Oscillator — For conventional operation generating 16 out¬ 
put clock pulses per bit period, the input clock frequency 
must be 2.4576MHz (i.e. 9600 baud x 16 x 16, since the 
scan counter and the first flip-flop of the counter chain act 
as an internal ^16 prescaler). A lower input frequency will 
result in a proportionally lower output frequency. 

The IM4702/12 can^e driven from two alternate clock 
sources: (1) When the Ecp (External Clock Enable) input Is 
LOW, the CP input Is the clock source. (2) When the Ecp 
input is HIGH, a crystal connected between lx and Ox. or a 
signal applied to the lx input, is the clock source. 

Prescaler (Scan Counter) — The clock frequency is made 
available on the CO (Clock Output) pin and is applied to the 
^ 8 prescaler with buffered outputs Qq, Qi, and Q 2 . 


Table 1: Clock Modes and Initialization 


lx 


CP 

Operation 

JIJTTLT 




X 




X 




X 

L 

-TL 

Reset During First 
CP=HIGH Time 


H = HIGH Level 

L = LOW Level 

X = Don’t Care 

J~L = 1st HIGH Level Clock Pulse After Ecp 

Goes LOW 

-rLTL-TL-r = Clock Pulses 

0373-8 

Counter Network — The prescaler output Q 2 is a square 
wave of Ya the input frequency, and is used to drive the 
frequency counter network generating 13 standardized fre¬ 
quencies. Note that the frequencies are labeled in the block 
diagram and described in terms of the transmission bit rate. 
In a conventional system using a 2.4576MHz clock Input, 
the actual output frequencies are 16 times higher. 

The output from the first frequency divider flip-flop is thus 
labeled 9600, since it is used to transmit or receive 9600 
baud (bits per second). The actual frequency at this node is 
16 X 9.6kHz = 153.6kHz. Seven more cascaded binaries 
generate the appropriate frequencies for bit rates 4800, 
2400, 1200, 600, 300, 150, and 75. 
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The other five bit rates are generated by individual coun¬ 
ters: 

bit rate 1200 is divided by 6 to generate bit rate 200, 
bit rate 200 is divided by 4 to generate bit rate 50, 
bit rate 2400 is divided by 18 to generate bit rate 134.5 
with a frequency error of -0.87%, 
bit rate 2400 is also divided by 22 to generate bit rate 
110 with a frequency error of -0.83%, and 
bit rate 9600 is divided by 16/3 to generate bit rate 
1800. 

The 16/3 division is accomplished by alternating the divide 
ratio between 5 (twice) and 6 (once). The result is an exact 
average output frequency with some frequency modulation. 
Taking advantage of the 16 feature of the DART, the 
resulting distortion is less than 0.78% regardless of the 
number of elements in a character, and therefore well within 
the timing accuracy specified for high speed communica¬ 
tions equipment. All signals except 1800, have a 50% duty 
cycle. 

Output Multiplexer — The outputs of the counter network 
are fed to a 16-input multiplexer, which is controlled by the 
Rate Select inputs (S0-S3). The multiplexer output is then 
resynchronized with the incoming clock in order to cancel 
all cumulative delays and to present an output signal at the 
buffered output (Z) that is synchronous with the prescaler 
outputs (Qo“Q 2)- Table 2 lists the correspondence be¬ 
tween select code and output bit rate. Two of the 16 codes 
do not select an internally generated frequency, but select 
an input into which the user can feed either a different, non- 
standardized frequency, or a static level (HIGH or LOW) to 
generate “zero baud”. 

The bit rates most commonly used in modern data termi¬ 
nals (110,150, 300,1200, 2400 baud) require that no more 
than one input be grounded, easily achieved with a single 
pole, 5-position switch. 2400 baud is selected by two differ¬ 
ent codes, so that the whole spectrum of modern digital 
communication rates has a common HIGH on the S3 input. 
Initialization (Reset) — The initialization circuit generates a 
common master reset signal for all flip-flops in the IM4702/ 
12. This signal is derived from a digital differentiator ^at 
senses the first HIGH level on the CP input after the Ecp 
input goes LOW. Upon initialization, all counters are reset 
and all outputs will be in the LOW state. When Ecp is HIGH, 
selecting the Crystal input, CP must be LOW; a HIGH level 
on CP would apply a continuous reset. 

All inputs to the 4702/12 except ly have on-chip pull-up 
circuits; the lx input of the 4712 has a high value resistor 
tied to Ox- 


Table 2: Truth Table for Rate Select Inputs 


S3 

S2 

Si 

So 

Output Rate (Z) 

Note 1 

L 

L 

L 

L 

Multiplexed Input (Im) 

L 

L 

L 

H 

Multiplexed Input (1^) 

L 

L 

H 

L 

50 Baud 

L 

L 

H 

H 

75 Baud 

L 

H 

L 

L 

134.5 Baud 

L 

H 

L 

H 

200 Baud 

L 

H 

H 

L 

600 Baud 

L 

H 

H 

H 

2400 Baud 

H 

L 

L 

L 

9600 Baud 

H 

L 

L 

H 

4800 Baud 

H 

L 

H 

L 

1800 Baud 

H 

L 

H 

H 

1200 Baud 

H 

H 

L 

L 

2400 Baud 

H 

H 

L 

H 

300 Baud 

H 

H 

H 

L 

150 Baud 

H 

H 

H 

H 

110 Baud 


L=LOW Level 
H = HIGH Level 

Note 1: Actual output frequency is 16 times the indicated output rate, as¬ 
suming a clock frequency of 2.4576MHz. 


Table 3: Crystal Specifications 


Parameters 

Typical Crystal Spec 

Frequency 

, Series Resistance (Max) 
Unwanted Modes 

Type of Operation 

Load Capacitance 

2.4576MHz “AT” Cut 

250n 

-6dB (Min) 

Parallel 

32pF±0.5pF 


APPLICATIONS 

Single Channel Bit Rate Generator 

Figure 4 shows the simpiest application of the IM4702/ 
12. This circuit generates one of five possible bit rates as 
determined by the setting of a single pole, 5-posltion switch. 
The Bit Rate Output (Z) drives one standard TTL load or 
four low power Schottky loads over the full temperature 
range. The possible output frequencies correspond to 100, 
150, 300,1200, and 2400 or 3600 Baud. For many low cost 
terminals, these five bit rates are adequate. 

This mode of operation is commonly chosen for applica¬ 
tions using industry standard 1402/6402 UARTs. 
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$PST SWITCH 



Switch 

Position 

Bit Rate 

1 

110 Baud 

2 

150 Baud 

3 

300 Baud 

4 

1200 Baud 

5 

2400 Baud 


Figure 4: Switch Seiectable Bit Rate Generator 
Configuration Providing 
Five Bit Rates 


Simultaneous Generation of Several Bit 
Rates 

Figure 5 shows a simple scheme that generates eight bit 
rates on eight output lines, using one IM4702/12 and one 
93L34 Bit Addressable Latch. This and the following appli¬ 
cations take advantage of the built-in scan counter (prescal¬ 
er) outputs. As shown in the block diagram, these outputs 
(Qo to Q2) go through a complete sequence of eight states 
for every half-period of the highest output frequency (9600 
Baud). Feeding these ^can Counter Outputs back to the 
Select inputs of the multiplexer causes the IM4702/12 to 
sequentially interrogate the state of eight different frequen¬ 
cy signals. The 93L34 Bit Addressable Latch, addressed by 
the same Scan Counter Outputs, reconverts the multiplexed 
single Output (Z) into eight parallel output frequency sig¬ 
nals. In the simple scheme of Figure 5, input S3 Is left open 
(HIGH) and the following bit rates are generated; 

Qq: 110 Baud Q3:1800 Baud Qe: 300 Baud 

Q\: 9600 Baud Q4:1200 Baud Qy: 150 Baud 

Q2:4800 Baud Q5: 2400 Baud 
Other bit rate combinations can be generated by chang¬ 
ing the Scan Counter to Selector interconnection or by in¬ 
serting logic gates into this path. 



0373-5 

Figure 5: Bit Rate Generator Configuration With 
Eight Simultaneous Frequencies 


19200 Baud Operation 

A 19200 baud signal is available on the Q2 output, but is 
not internally connected to the multiplexer. This signal can 
be generated on the Z output by connecting the Q2 output 
to the Im input and applying select code. An additional 2-in¬ 
put NOR gate can be used to retain the “Zero Baud” fea¬ 
ture on select code 1 for the IM4702/12. (See Figure 6). 



Figure 6:19200 Baud Operation 


* The 4712 may replace the 4702 in the above applications with the stan¬ 
dard 2.4576MHz crystal. The two external capacitors and one resistor are 
not required when using the 4712. 
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IM6402/IM6403 

Universal Asynchronous 
Receiver Transmitter (UART) 

GENERAL DESCRIPTION 

The IM6402 and IM6403 are CMOS/LSI UART’s for inter¬ 
facing computers or microprocessors to asynchronous seri¬ 
al data channels. The receiver converts serial start, data, 
parity and stop bits to parallel data verifying proper code 
transmission, parity, and stop bits. The transmitter converts 
parallel data into serial form and automatically adds start, 
parity, and stop bits. 

The data word length can be 5, 6, 7 or 8 bits. Parity may 
be odd or even, and parity checking and generation can be 
inhibited. The stop bits may be one or two (or one and one- 
half when transmitting 5 bit code). Serial data format is 
shown in Figure 8. 

The IM6402 and IM6403 can be used in a wide range of 
applications including modems, printers, peripherals and re¬ 
mote data acquisition systems. CMOS/LSI technology per¬ 
mits clock frequencies up to 4.0MHz (250K Baud), an im¬ 
provement of 10 to 1 over previous PMOS UART designs. 
Power requirements, by comparison, are reduced from 
670mW to lOmW. Status logic increases flexibility and sim¬ 
plifies the user interface. 

The IM6402 differs from the IM6403 in the use of five 
device pins as indicated in Table 1 and Figure 4. 

ORDERING INFORMATION 



FEATURES 

• Low Power — Less Than lOmW Typ. at 2MHz 

• Operation Up to 4MHz Clock (IM6402A) 

• Programmable Word Length, Stop Bits and Parity 

• Automatic Data Formatting and Status Generation 

• Compatible With Industry Standard UART’s (IM6402) 

• On-ChIp Oscillator With External Crystal (IM6403) 

• Operating Voltage — 

IM6402-1/03-1: 5V 
IM6402A/03A: 4-1IV 
IM6402/03: 5V 


ORDER CODE 

IM6402-1/03-1 

iM6402A/03A 

IM6402/03 

PLASTIC PKG 

IM6402-1/03-IPL 

IM6402/03AIPL 


CERAMIC PKG 

IM6402-1/03-1IJL 

IM6402/03AIJL 

IM6402/03IJL 

MILITARY TEMP. 

iM6402-1/03-1MJL 

IM6402/03AMJL 

— 

MILITARY TEMP. 

WITH /Hi-Rel processing 

IM6402-1/03-1MJL/HR 

IM6402/03AMJL/HR 



CONTROL 

1-T 


TBR8(MS8)i_1 I j_I I j_iTBRKUSB) 

-1 .-JLJt_I_ElII_!_ lJIl.,.. 

TRANSMITTER BUFFER REGISTER 


STOP 

ze: 


X 


TRANSMITTER REGISTER 

-- T .. 


MULTIPLEXER 


Z1 f START 


RECEIVER 

TIMING 

AND 

CONTROL 




■ 

a 

m 

■1 


MULTIPLEXER 


RECEIVER REGISTER 


RECEIVER BUFFER REGISTER 


L —-y r- ' - - - - - „ _ _ _ 


* That* outpuK art thraa Mata (IM6402) or always acliva (IM6403) 


Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS (IM6402/03) 


Operating Temperature 

IM6402/03(I) .-40“Cto+85‘’C 

Storage Temperature Range .—65*0 to 150*0 

Supply Voltage (Vdd“Vss) .+ 8 . 0 V 

Voltage On Any Input or Output Pin .(Vss -0.3V) 

to(VDD +0.3V) 

Lead Temperature (Soldering, lOsec) . 300*0 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


Vooc 
•C 
V88C 
RRDC 
RBR8C 
RBR7C 
RBR6C 7 
RBR6C 8 
RBR4C 
RBR3C 
RBR2C 


RBRldl2 


PEC 
FEC 
OEC 15 
SFDC 16 
*C 17 
DRRC 18 
DRC 19 
RRIC 20 


40 3* 

39 DEPE 
38 DCLS1 
37 DCLS2 
36 3SBS 
35 3Pi 
34 3CRL 
33 3TBR8 
32 3TBR7 
31 3 TBR6 
30 3TBR5 
29 3TBR4 
28 3 TBR3 
27 3TBR2 
26 3 TBR1 
25 3TRO 
24 3 TRE 
23 3TBRL 
22 3TBRE 
21 3 MR 
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*See Table 1 

Figure 2: Pin Configuration 


TABLE 1 



IM6402 

iM6403 w/XTAL 

IM6403 w/EXT TTL CLOCK 

IM6402 w/EXT CMOS CLOCK 


N/C 

Divide Control 

Divide Control 

Divide Control 


RRC 

XTAL 

External Clock input 

No Connection 


Tri-State 

Always Active 

Always Active 

Always Active 


Tri-State 

Always Active 

Always Active 

Always Active 


TRC 

XTAL 

Vss 

External Clock input 


DC ELECTRICAL CHARACTERISTICS (Vdd= 5.0V ±10%Vss=OV,TA=Operating Temperature Range) 


11 


NOTE: 1. Except IM6403 XTAL input pins (i.e. pins 17 and 40). 

2. Vdd=5V.Ta=25‘>C. 

3. These parameters are guaranteed but not 100% tested. 
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SYMBOL 

PARAMETER 

TEST CONDITIONS 

HDI9IH 

TYP2 



V|H 

Input Voltage High 





V 

V|L 

Input Voltage Low 




0.8 

V 

l|L 

input Leakage [1] 

Vss^Vin^Vdd 

-5.0 


5.0 

ju,A 

VOH 

Output Voltage High 

IOH=-0.2mA 

2.4 



V 

VoL 

Output Voltage Low 

IOL==1-6mA 




V 

lOLK 

Output Leakage 


-5.0 


IQQII 

fiA 

•STBY 

Power Supply Current Standby 

V|N=VssorVDD 


1.0 

800 

fjbA 

Idd 

Power Supply Current IM6402 

fc= 500kHz 



1.2 

mA 

■dd 

Power Supply Current IM6403 

^crystal — 2.46MHz 



■n 

mA 

C|N 

Input Capacitance [1] [3] 

Ta=25*C 


7.0 

8.0 

PF 

Co 

Output Capacitance [1] [3] 

Ta=25*C 


8.0 

10.0 

PF 


IM6402/IM6403 
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AC ELECTRICAL CHARACTERISTICS (Vdd=5.ov ± 10 % Vss=ov,Cl=50pf.Ta=O perating 
Temperature Range) 



PARAMETER 

TEST CONDITIONS 

MIN 

TYP2 

MAX 

UNIT 

^C 

Clock Frequency IM6402 

See Timing Diagrams 

(Figures 4,5,6) 

D.C. 


1.0 

MHz 


Crystal Frequency IM6403 



2.46 

MHz 

tpw 

Pulse Widths CRL, DRR, TBRL 

225 

50 


ns 

^mr 

Pulse Width MR 

600 

200 


ns 

^ds 

Input Data Setup Time 

75 

20 


ns 

tdh 

Input Data Hold Time 

90 

40 


ns 

^en 

Output Enable Time 


80 

190 

ns 



The IM6403 differs from the IM6402 on three Inputs 
(RRC, TRC, pin 2) as shown in Figure 3. Two outputs 
(TBRE, DR) are not three-state as on the IM6402, but are 
always active. The on-chip divider and oscillator allow an 
inexpensive crystal to be used as a timing source rather 
than additional circuitry such as baud rate generators. For 
example, a color TV crystal at 3.579545MHz results in a 
baud rate of 109.2Hz for an easy teletype interface (Figure 
12). A 9600 baud interface may be implemented using a 
2.4576MHz crystal with the divider set to divide by 16. 
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(IM6402AI/AM, IM6403AI/AM) 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd”Vss) .+ 12.0V Operating Temperature Range 

Voltage On Any Input or Output Pin.(Vss-0.3V) IM6402AI/03AI .-40"C to + 85*0 

to (Vdd + 0.3V) IM6402AM/03AM.- 55“C to +125*0 

Storage Temperature Range.-65*0 to 150*0 

Lead Temperature (Soldering, lOsec) . 300*0 

NOTE: S&esses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reiiabiiity. 

DC ELECTRICAL CHARACTERISTICS (Vdd=4.0V to 11.OV Vss = 0V, Ta= Operating Temperature Range) 



NOTE: 1. Except IM6403 XTAL input pins (i.e. pins 17 and 40). 

2. Vdd=5V,Ta = 25*C. 

3. These parameters are guaranteed but not 100% tested. 

AC ELECTRICAL CHARACTERISTICS (Vdd=io.ov ±5% Vss=ov,Cl =50pF,Ta=O perating 
Temperature Range) 
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(IM6402-1I/1M, IM6403-1I/1M) 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vdd“Vss) .+ 8 . 0 V 

Voltage On Any Input or Output Pin .(Vss -0.3V) 


to(VDD +0.3V) 


Operating Temperature Range 

IM6402-11/03-11.-40“Cto -l-85“C 

IM6402-1 M/03-1 M .- to +125“C 

Storage Temperature Range.-65*0 to +150®C 

Lead Temperature (Soldering, lOsec) . 300®C 


NOTE: Stresses above those listed under “Absolute Maximum Rathgs" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the spPcifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS (Vod = 5.0 ± 1 0% Vss=OV, Ta=O perating Temperature Range) 


SYMBOL 

FarametCr 

Test CONDITIONS 

MIN 

TYP2 

MAX 

UNIT 

V|H 

Input Voltage High 


o 

cvi 

1 

Q 

Q 

> 



V 

V|L 

Input Voltage Low 





V 

l|L 

Input Leakage [1] [3] 

Vss^Vin^Vdd 

-1.0 


1.0 

juiA 

VOH 

Output Voltage High 


2.4 



V 

VoL 

Output Voltage Low 

IOL=2.0mA 



0.45 

V 

lOLK 

Output Leakage 

VsS^Vqut^Vdd 

-1.0 


1.0 

jmA 

icc 

Power Supply Current Standby 

V|N=Vss orVoD 


1.0 

100 


icc 

Power Supply Current IM6402 Dynamic 

fc=2MHz 





Icc 

Power Supply Current IM6403 Dynamic 

^crystal ~ 3.58MHz 



5.5 

mA 

C|N 

Input Capacitance [1] [3] 

Ta=25*C 


7.0 

8.0 


Co 

Output Capacitance [1 ] [3] 

Ta=25‘‘C 


8.0 

10.0 

PF 


NOTE: 1. Except 1M6403 XTAL input pins (i.e. pins 17 and 40). 

2. Vdd=5V, Ta=25«C. 

3. These parameters are guaranteed but not 100% tested. 


AC ELECTRICAL CHARACTERISTICS (Vdd=5.ov ± 10 % Vss=ov,CL=50pF,TA=Operating 
Temperature Range) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 


TYP2 

MAX 

UNIT 

fc 

Clock Frequency IM6402-1 

See Timing Diagrams 

(Figures 4,5,6) 

D.C. 


2.0 


^crystal 

Crystal Frequency IM6403-1 



3.58 

MHz 

w 

Pulse Widths CRL, DRR, TBRL 

150 

50 


ns 

^mr 

Pulse Width MR 

400 

200 


ns 

tds 

Input Data Setup Time 

50 

20 



tdh 

Input Data Hold Time 

60 

40 


ns 

IHHI 

Output Enable Time 


80 

160 
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TIMING DIAGRAMS 


Table 1:111/16402/3 Pin Description 


SYMBOL 


Vdd 



DESCRIPTION 


Positive Power Supply 


No Connection 
Divide Control 
High: 24 (16) Divider 
Low: 211 (2048) Divider 


Negative Supply 

A high level on RECEIVER REG¬ 
ISTER DISABLE forces the re¬ 
ceiver holding register outputs 
RBR1-RBR8 to a high impedance 
state. 


The contents of the RECEIVER 
BUFFER REGISTER appear on 
these three-state outputs. Word 
formats less than 8 characters 
are right justified to RBR1. 


See Pin 5 — RBR8 


See Pin 5 — RBR8 


See Pin 5 — RBR8 


See Pin 5 — RBR8 


See Pin 5 — RBR8 


See Pin 5 —- 


See Pin 5 — 


A high level on PARITY ERROR 
indicates that the received parity 
does not match parity pro¬ 
grammed by control bits. The out¬ 
put is active until parity matches 
on a succeeding character. When 
parity is inhibited, this output is 
low. 


A high level on FRAMING ER¬ 
ROR indicates the first stop bit 
was invalid. FE will stay active un¬ 
til the next valid character’s stop 
bit is received. 


A high level on OVERRUN ER¬ 
ROR indicates the data received 
flag was not cleared before the 
last character was transferred to 
the receiver buffer register. The 
Error is reset at the next charac¬ 
ter’s stop bit if DRR has been per¬ 
formed (i.e., DRR; active low). 
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Table 1: IM6402/3 Pin Description (Continued) 


Table 1: IM6402/3 Pin Description (Continued) 


PiN 

SYMBOL 

DESCRiPTiON 

16 

SFD 

:A high level on STATUS FLAGS 
DISABLE forces the outputs PE, 
FE, OE, DR*. TBRE* to a high im¬ 
pedance state. See Block Dia¬ 
gram and Figure 6. 

* IM6402 only. 

17 

IM6402-RRC 

IM6403-XTAL 

The RECEIVER REGISTER 
CLOCK is 16X the receiver data 

rate. 

18 

DRR 

A low level on DATA RECEIVED 
RESET clears the data received 
output (DR), to a low level. 

19 

DR 

A high level on DATA RECEIVED 
indicates a character has been re¬ 
ceived and transferred to the re¬ 
ceiver buffer register. 

20 

RRI 

Serial data on RECEIVER REGIS¬ 
TER INPUT is clocked into the re¬ 
ceiver register. 

21 

MR 

A high level on MASTER RESET 
(MR) clears PE, FE, OE, DR, TRE 
and sets TBRE, TRO high. Less 
than 18 clocks after MR goes low, 
TRE returns high. MR does not 
clear the receiver buffer register, 
and is required after power-up. 

22 

TBRE 

A high level on TRANSMITTER 
BUFFER REGISTER EMPTY indi¬ 
cates the transmitter buffer regis¬ 
ter has transferred its data to the 
transmitter register and is ready 
for new data. 

23 

Tbrl 

A low level on TRANSMITTER 
BUFFER REGISTER LOAD trans¬ 
fers data from inputs TBR1-TBR8 
into the transmitter buffer register. 

A low to high transition on TBRL 
requests data transfer to the 
transmitter register. If the trans¬ 
mitter register is busy, transfer is 
automatically delayed so that the 
two characters are transmitted 
end to end. See Figure 4. 

24 

TRE 

A high level on TRANSMITTER 
REGISTER EMPTY Indicates 
completed transmission of a char¬ 
acter including stop bits. 



SYMBOL 

DESCRIPTION 

1 

TRO 

Character data, start data and 
stop bits appear serially at the 
TRANSMITTER REGISTER OUT¬ 
PUT. 

o 

TBR1 

Character data is loaded into the 
TRANSMITTER BUFFER REGIS¬ 
TER via inputs TBR1-TBR8. For 
character formats less than 8-blts, 
the TBR8, 7, and 6 Inputs are Ig¬ 
nored corresponding to the pro¬ 
grammed word length. 

27 

TBR2 

See Pin 26 —TBR1 

iQI 

TBR3 

See Pin 26 —TBR1 

m 

TBR4 

See Pin 26 —TBR1 

ss 

TBR5 

See Pin 26 —TBR1 

Bl 

TBR6 

See Pin 26 —TBR1 

IIE9I 

TBR7 

See Pin 26 —TBR1 

1^91 

TBR8 

See Pin 26 —TBR1 

34 

CRL 

A high level on CONTROL REG¬ 
ISTER LOAD loads the control 
register. See Figure 5. 

35 

PI* 

A high level on PARITY INHIBIT 
inhibits parity generation, parity 
checking and forces PE output 
low. 

36 

SBS* 

A high level on STOP BIT SE¬ 
LECT selects 1.5 stop bits for a 5 
character format and 2 stop bits 
for other lengths. 



These inputs program the CHAR¬ 
ACTER LENGTH SELECTED. 
(CLS1 low CLS2 low 5-bits)(CLS1 
high CLS2 low 6-bits)(CLS1 low 
CLS2 high 7-bits)(CLS1 high 
CLS2 high 8-bits) 

m 

CLS1* 

See Pin 37 —CLS2 

39 

EPE* 


B 

IM6402-TRC 

The TRANSMITTER REGISTER 

■ 

IM6403-XTAL 

CLOCK is 16X the transmit data 
rate. 


*See Table 2 (Control Word Function) 
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Table 2: Control Word Function 


CONTROL WORD 

DATA BITS 

PARITY BIT 

STOP BIT(S) 

CLS2 

CLS1 

PI 

EPE 

SBS 

L 

L 

L 

L 

L 

5 

ODD 

1 

L 

L 

L 

L 

H 

5 

ODD 

1.5 

L 

L 

L 

H 

L 

5 

EVEN 

1 

L 

L 

L 

H 

H 

5 

EVEN 

1.5 

L 

L 

H 

X 

L 

5 

DISABLED 

1 

L 

L 

H 

X 

H 

5 

DISABLED 

1.5 

L 

H 

L 

L 

L 

6 

ODD 

1 

L 

H 

L 

L 

H 

6 

ODD 

2 

L 

H 

L 

H 

L 

6 

EVEN 

1 

L 

H 

L 

H 

H 

6 

EVEN 

2 

L 

H 

H 

X 

L 

6 

DISABLED 

1 

L 

H 

H 

X 

H 

6 

DISABLED 

2 

H 

L 

L 

L 

L 

7 

ODD 

1 

H 

L 

L 

L 

H 

7 

ODD 

2 

H 

L 

L 

H 

L 

7 

EVEN 

1 

H 

^ L 

L 

H 

H 

7 

EVEN 

2 

H 

L 

H 

X 

L 

7 

DISABLED 

1 

H 

L 

H 

X 

H 

7 

DISABLED 

2 

H 

H 

L 

L 

L 

8 

ODD 

1 

H 

H 

L 

L 

H 

8 

ODD 

2 

H 

H 

L 

H 

L 

8 

EVEN 

1 

H 

H 

L 

H 

H 

8 

EVEN 

2 

H 

H 

H 

X 

L 

8 

DISABLED 

1 

H 

H 

H 

X 

H 

8 

DISABLED 

2 


x= Don’t Care 


TRANSMITTER OPERATION 

The transmitter section accepts parallel data, formats It 
and transmits it in serial form (Figure 7) on the TROutput 
terminal. 



Transmitter timing is shown in Figure 8. Data is loaded 
into the transmitter buffer register f rom t he inputs TBR1 
through TBR8 by a logic low on the TBRLoad input. Valid 
data must be pres ent at least tps prior to and tpH following 
the rising edge of TBRL. If words less than 8 bits are used, 
only the least significant bits are used. The character is right 
ju stified into the least significant bit, TBR1. The rising edge 
of TBRL clears TBREmpty. 0 to 1 clock cycles later, data is 
transferred to the transmitter register, TREmpty is cleared 
and transmission starts. TBREmpty is reset to a logic high. 


Output data is clocked by TRCIock, which is 16 times the 
data rate. A second pulse on TBRLoad loads data into the 
transmitter buffer register. Data transfer to the transmitter 
register is delayed until transmission of the current charac¬ 
ter is complete. Data is automatically transferred to the 
transmitter register and transmission of that character be¬ 
gins. 


TBPfl ^ 



5 


TBRE 

TRE 

tsi 

1 

TO 1 CLOCK 

V _ 

nr 

H h-o 

S — 

h-CLOCK 

T_ 

TRO 

t 

— LX 


DATA 1 

1 

1 E 

) ( 

D 

^ END OF 


STOP BIT 


0374-9 

Figure 8: Transmitter Timing (Not to Scaie) 
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RECEIVER OPERATION 

Data is received in serial form at the Rl input. When no 
data is being received, Ri input must remain high. The data 
is clocked by the RRCIock, which is 16 times the data rate. 
Receiver timing is shown in Figure 9. 

A low level on DR Reset clears the DReady line. During 
the first stop bit, data is transferred from the receiver regis¬ 
ter to the RBRegister. If the word is less than 8 bits, the 
unused most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1. A 
logic high on OError indicates an overrun which occurs 
when DReady has not been cleared before the present 
character was transferred to the RBRegister. A logic high 
on PError indicates a parity error, clock cycle later, 
DReady is set to a logic high and FError is evaluated. A 
logic high on FError indicates an invalid stop bit was re¬ 
ceived. The receiver will not begin searching for the next 
start bit until a stop bit is received. 

START BIT DETECTION 

The receiver uses a 16X clock for timing. (See Figure 10.) 
The start bit (A) could have occurred as much as one clock 
cycle before it was detected, as indicated by the shaded 
portion. The center of the start bit is defined as clock count 
V/z. If the receiver clock is a symmetrical square wave, the 
center of the start bit will be located within ± yz clock cycle, 
±yzz bit or ±3.125%. The receiver begins searching for 
the next start bit at the center of the first stop bit. 



TYPICAL APPLICATION 

Microprocessor systems, which are inherently parallel in 
nature, often require an asynchronous serial interface. This 
function can be performed easily with the IM6402/03 
DART. Figure 11 shows how the IM6402 can be interfaced 
to an IM80C48 microcomputer system. 

In this example the characters to be received or transmit¬ 
ted will be eight bits long (CLS 1 and 2: both HIGH) and 
transmitted with no parity (PhHIGH) and two stop bits 
(SBS:HIGH). Since these control bits will not be changed 
during operation. Control Register Load (CRL) can be tied 
high. Remember, since the IM6402/03 is a CMOS device, 
ail unused inputs should be tied to either Vdd or Vss- 

The baud rate at which the transmitter and receiver will 
operate is determined by the IM4702 Baud Rate Generator. 

To ensure consistent and correct operation, the IM6402/ 
03 must be reset after power-up. The Master Reset (MR) 
pin is active high, and can be driven reliably from a Schmitt 
trigger inverter and R-C delay, in this example, the IM80C48 
Is reset through still another inverter. The Schmitt trigger 
between the processor and R-C network is needed to as¬ 
sure that a slow rising capacitor voltage does not re-trigger 
RESET. A long reset pulse after power-up (~20ms) is re¬ 
quired by the processor to assure that the on-board crystal 
oscillator has sufficient time to start. 

If parity is not inhibited, a parity error will cause the PE pin 
to go high until the next valid character is received. 

A framing error is generated when an expected stop bit is 
not received. FE will stay high after the error until the next 
complete character’s stop bit is received. 

The overrun error flag is set If a received character is 
transferred to the RECEIVER BUFFER REGISTER when 
the previous character has not been read. The OE pin w ill 
stay high until the next received stop bit after a DRR is 
performed. 
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ICL232 

+ 5 Volt Powered Dual 
T ransmitter/Receiver 




GENERAL DESCRIPTION 

The ICL232 is a dual RS-232 transmiSr/rep^v©t^inter- 
face circuit that meets all EIA RS-232C specifications. It 
requires a single + 5V power supply, and features two on¬ 
board charge pump voltage converters which generate 
+10V and -10V supplies from the 5V supply. 


RS-234^ 
















FEATURES 

Meets All RS-232C Specifications 
Requires Only Single + 5V Power Supply 
Onboard Voltage Quadrupler 
Low Power Consumption 


The drivers feature true TTL/CMOS input compatibility, 
slew-rate-limited output, and 300 ohms power-off source 
impedance. The receivers can handle up to ±30 volts, and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 

Typical Applications 


• ESD Protection > 2000V 

• 2 Drivers 

—±9V Output Swing for +5V Input 
—300 Ohms Power-off Source Impedance 
—Output Current Limiting 
—TTL/CMOS Compatibie 
—30 V/us Maximum Siew Rate 


Any System Requiring RS-232 Communications Port: 

• Computers—Portabie and Mainframe 

• Peripherais—Printers and Terminals 

• Portable Instrumentation 

• Modems 

• Dataloggers 


• 2 Receivers 

—±30V Input Voltage Range 

—3 to 7 kohms Input Impedance 

—0.5V Hysteresis to improve Noise Rejection 

• Ali Criticai Parameters are Guaranteed Over the 
Entire Commerciai, industriai and Miiitary 
Temperature Ranges 


ORDERING INFORMATION 


Part 

Temperature 

Range 

Package 

ICL232CPE 

0"C to ± 70°C 

16 Pin Plastic DIP 

ICL232CJE 

16 Pin CERDIP 

ICL232IPE 

-25‘'Cto +85‘’C 

16 Pin Plastic DIP 

ICL232IJE 

16 Pin CERDIP 

ICL232MJE 

-55“Cto ±125“C 

16 Pin CERDIP 



-'CT- 


C1+ |T 


Elvcc 

v+ |T 


niGND 

ci-[T 


m TIout 

C2+ [T 

INTERSIL 

]1Ir(,n 

C2-[T 

ICL232 

niRtouT 

v-|T 


hitiin 

T2out Cl 


II1T2|N 

R2|n[I 





0100-2 

Outline Drawing (PE, JE) 

Figure 1: Pin Configuration 



R2n 


Figure 2: ICL232 Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS storage Temperatui 

Vcc to ground.+6 Volts Lead Temperature ( 

V+ to ground.+12 Volts Operating Tempera 

V-to ground .-12 Volts jcL232f........ 

Input Voltages ICL232M ... 

Tr .-0.3tO(Vcc + 0^3V) 

. may cause permanent <U 

Output Voltages and functional operation 

TIquT. T2ouT .(V+ +0.3) to (V- -0.3 V) above those indicated in 

RIoUT. R2oUT .-0.3 to (Vcc + 0.3V) Exposure to absi 

rN. .X X. ods may affect device re^ 

Short Circuit Duration 

T10UT* T2out .Continuous 

Continuous Total Power Dissipation (Ta = 25“C) 

CERDIP Package.500mW 

derate 9.5 mW/*C above 70“C 

Plastic Package.375mW 

derate 7.0 mW/"C above 70‘‘C 

ELECTRICAL CHARACTERISTICS Test Conditions: Vcc = + 5V, Tg = 
Test Circuit as in Figure 3 (unless otherwise specified) 


Test Conditions 


TOUTi T2 out loaded with 
3 kft to ground 


Outputs Unloaded, Ta = 25"C 


Storage Temperature Range.- 55“C to +150®C m 

Lead Temperature (Soldering, 10 sec).+ 300®C 

Operating Temperature Range 

ICL232C.0*Cto +70*0 

ICL232I.-25*0 to +85“C 

ICL232M.-55*Cto +125“C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


operating temperature range. 


Symbol 

Parameter 

Tout 

Transmitter Output Voltage Swing 

•cc 

Power Supply Current 

V|L 

Tin, Input Logic Low 

V|H 

Tin, Input Logic High 




Logic Pullup Current 

T1in,T2in = 0V 



RS-232 Input Voltage Range 



Receiver Input Hysteresis 


TTL/CMOS Receiver Output Voltage Low 




Receiver Input Impedance 

Vjn = ±3V, ±25V 

3.0 

5.0 

7.0 

kn 

H 

Receiver Input Low Threshold 

Vcc = 5.0V, Ta = 25^C 

0.8 

1.2 


V 

1 

Receiver Input High Threshold 

Vcc = 5.0V, Ta=25“C 


1.7 

2.4 

V 



lout "" 3.2mA 


TTL/CMOS Receiver Output Voltage High lout = -1 -OmA 


Propagation Delay 


Instantaneous Slew Rate 


RS-232 to TTL or TTL to RS-232 


Cl = 10 pF, Rl = 3 kft, 
Ta = 25*C (Note 1,2) 


SRt 

Transition Region Slew Rate 

Rl = 3 kn. Cl = 2500 pF Measured 
from +3V to -3V or -3V to +3V 


3 

f^out 

Output Resistance 

Vcc = V+ = V- =0V,Vout= +2V 

300 


•sc 

RS-232 Output Short Circuit Current 

Tiout. T2out shorted to GND 


±10 



NOTE 1: Guaranteed by design. 

2: See Figure 5 for definition. 
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DETAILED DESCRIPTION 

The ICL232 is a dual RS-232 transmitter/receiver pow¬ 
ered by a single + 5V power supply which meets all EIA RS- 
232C specifications and features low power consumption. 
The functional diagram (Figure 2) illustrates the major ele¬ 
ments of the ICL232. The circuit is divided Into three sec¬ 
tions: a voltage quadrupler, dual transmitters, and dual re¬ 
ceivers. 

Voltage Converter 

The voltage quadrupler contains two charge pumps which 
use two phases of an internally generated clock to generate 
+ 10V and - 10V. During phase one of the clock, capacitor 
Cl is charged to Wqq. During phase two, the voltage on Cl 
is added to Vcc. producing a signal across C2 equal to twice 
Vcc- At the same time, C3 is also charged to 2Vcc, and then 
during phase one, it is inverted with respect to ground to 
produce a signal across C4 equal to -2Vcc. The voltage 
converter accepts input voltages up to 5.5V. The output Im¬ 
pedance of the doubler (V+) is approximately 200 ohms, 
and the output impedance of the inverter (V~) is approxi¬ 
mately 450 ohms. The test circuit (Figure 3) uses 22 uF 
capacitors for C1-C4, however, the value is not critical. In¬ 
creasing the values of Cl and C2 will lower the output im¬ 
pedance of the voltage doubler and inverter, and increasing 
the values of the reservoir capacitors, C3 and C4, lowers 
the ripple on the V+ and V- supplies. 



Transmitters 

The transmitters are TTL/CMOS compatible inverters 
which translate the inputs to RS-232 outputs. The input log¬ 
ic threshold is about 26% of Vcc, or “l-SV for Vcc = 5V. A 
logic 1 at the Input results In a voltage of between -5V and 
V~ at the output, and a logic 0 results in a voltage between 
+ 5V and (V+ -0.6V). Each transmitter input has an inter¬ 
nal 400 kilohm pullup resistor so any unused input can be 
left unconnected and its output remains in its low state. The 
output voltage swing meets the RS-232C specification of 
±5V minimum with the worst case conditions of: both trans¬ 
mitters driving 3kohm minimum load Impedance, 
Vcc = 4.5V, and maximum allowable operating tempera¬ 
ture. The transmitters have an internally limited output slew 
rate which is less than 30V/us. The outputs are short circuit 
protected and can be shorted to ground Indefinitely. The 
powered down output impedance is a minimum of 300 
ohms with ±2V applied to the outputs and Vcc = OV. 
Receivers 

The receiver inputs accept up to ± 30V while presenting 
the required 3 to 7 kllohms Input Impedance even if the 
power is off (Vcc=0V). The receivers have a typical Input 
threshold of 1.3V which is within the ±3V limits, known as 
the transition region, of the RS-232 specification. The re¬ 
ceiver output is OV to Vcc- The output will be low whenever 
the input is greater than 2.4V and high whenever the input is 
floating or driven between +0.8V and -30V. The receivers 
feature 0.5V hysteresis to improve noise rejection. 
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APPLICATIONS 

The ICL232 may be used for ail RS-232 data terminal and 
communication links. It is particularly useful in applications 
where ±12V power supplies are not available for conven¬ 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 

A simple duplex RS-232 port with CTS/RTS handshaking 
is illustrated In Figure 7. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 3 kft resistor con¬ 
nected to V+. 


In applications requiring four RS-232 inputs and outputs 
(Figure 8), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res¬ 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which ef¬ 
fectively Increases the output swing of the transmitters. 


-WV— ► DTR (20) DATA 
3ka TERMINAL READY 

-WV—► DSRS (24) DATA 
3 kn SIGNALING RATE SELECT 


C2: 
22/tF : 
I 

N 

T P TD; 
T U 

)s 

C 0 

M u >^0 

0 T 

S P CTS 
U 
T 
S 


JLC4 

£Q22/xF 


RS “ 232 

INPUTS & OUTPUTS 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
; RD (3) RECEIVE DATA 
; CTS (5) CLEAR TO SEND 


: SIGNAL GROUND (7) 


Figure 7: Simple Duplex RS-232 Port with CTS/RTS Handshaking 
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Figure 8: Combining 2 iCL232 for 4 Pairs of RS-232 inputs and Outputs 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


11-41 


ICL232 





Section 12 — Digital Signal 

Processing 


IM29C128.12-1 

IM29C510.12-7 

EVK-128.12-19 
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IM29C128 

Finite Impuise Response 
Fiiter Controlier 

GENERAL DESCRIPTION 

The 16 bit FIR Filter Controller (FFC) provides all the data history, 
storage and programmable filter cycle control logic required to 
implement FIR filters of up to 128 filter points. When used in con¬ 
junction with an external filter coefficient memory, of up to 128 
words by 16 bits, and an industry standard 16 bit MuKiplier-Accumu- 
lator (MAC), the FFC provides the system designer with the ability 
to Implement a powerful FIR filter with only three ICs. The FFC pro¬ 
vides ail the control signals required to operate the MAC and the 
coefficient memory as tri-stateable devices, allowing multiplexed 
usage of these resources. The FFC’s asynchronous interface 
enables easy integration of the FIR filter In any system environ¬ 
ment. It incorporates a 16 bit data I/O path, a 128 word by 16 bit 
RAM memory, and programmable filter control logic capable of 
handling filter order lengths of up to 128 points. 



FEATURES 

• FIR Filter Building Block 

• Filter Orders from 1 to 128 Points 

• 128 Words by 16 Bit Data Memory 

• Works with IM29C510 Multiplier-Accumulator (MAC) or 
Equivalent 

• 80ns Minimum Filter Cycle Period with 25 MHz Master 
Clock Input 

• Ijow Power CMOS Technology 

• Full TTL Compatibility 

• 68 Pin PLjCC and 64 Pin DIP 


ORDERING INFORMATION 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

tM29C128C064 

0»CtO +70»C 

DIP 

IM29C128M064 

-55“C to +125*C 

DIP 

IM29C128CN68 

O'C to ■fTO'C 

PLCC 






68 Contact PLCC 


Figure 1: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (V^d) .-0.5 to +7 Volts 

Input/Output Voltage (V,nA/out) .to Vqq +0.3 Volts 

Storage Temperature (Tstq) .-65 to +150®C 



StrossBS above those listed under ‘'M>solute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of the specificadons is not implied. Exposure to abso¬ 
lute maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS 

- -55«C to +125'>C MIL, T* = -40»C to +85«C IND, - 0“C to +70<>C IND 


SYMBOL 

PARAMETER 


TYP 

MAX 

UNIT 

CONDITIONS 

V|L 

Low Level Input Voltage 



0.8 

V 

youT » 4.5 
•oh - 0 

V,H 

High Level input Voltage 

MCLKOnly 

2 

3 





VoL 

Low Level Output Voltage 


0.15 

0.4 



Yqh 


ao 

4.7 



Iql ■ 4.0mA 

•iL- 'iH 


HHESHH 

HHHHI 


pA 

V|N-0orVDD 

'02 


HHBUHH 

HHHB 

HBBHI 

pA 

VquT " 0 0^ Yqq 

•dd 

Operating Current 


40 

50 

mA 

Mclk - 25MH2 


Set "Note’ Paragraph 5.8.1 Timing Reference Inputs when they switch, either V,l or V^ Outputs i.sv. 


AC CHARACTERISTICS (See Figure 4) 

Note: T^ - -55«Cto +125»CMil.,V,HMiN - 2.4V. V,hminCLK - 3SV,T;^ . +40«Cto ■♦•SS'C Ind., Vj^max - 04VV,lmaxCLK - 0.4VT^ » 0»Cto +70«CCom.. 
m 5,oV ±10<Vb, Output Load Cap » 50 pF Max. 




MIN 

TYP 

MlfMM 

■Mai 

Tclk 

Master Clock (MCLK) Cycle Period 

40 



ns 

Tch 

MCLK High Period 

20 

15 

Tclk-20 

ns 

Tcl 

MCLK Low Period 

20 

15 

Tclk-20 

ns 

7flh 

FCLK High from MCLK 


9 



Tfhl 

FCLK Low from MCLK 


9 


ns 

Tens 

STEN Set-Up Time Before Start 

10 

2.5 - 5.0 


ns 

Tenh 



HHHHIi 


■BSBB 

Tsth 



■■■■■ 



Tdis 

Data Input (DIN) Set-Up Time Before Start 

_-5_ 

_ 


HBSH 

Tdih 





HDSEBB 

TsSH 




40 

HQHI 

Tsmh 

Status High from MCLK (Start High) 


32 

50 

hbshi 

Tshl 

Status Low from MCLK (End of Cycle) 


32 

50 

ns 

Ton 

OEN Low to DOUT and CADD Outputs Active (On) 


15 

30 

ns 

Toff 

OEN High to DOUT and CADD Outputs Off (Hi-Z) 


25 

35 

ns 

Tcon 

OEN Low to CLKXY, CLKP and ACC Outputs Active 


15 

25 

ns 

Tcoff 

OEN High to CLKXY, CLKP and ACC Outputs Off (Hi-Z) 


25 

35 

ns 

Tlda 

MCLK to Data Out (DOUT) Valid; Latched Data In Selected (Cycle l Only) 


60 

80 

ns 

Trda 

MCLK to DOUT Valid: RAM Data Selected 


60 

80 

ns 

Tcad 

MCLK to CADD 0-6 Address Valid 


35 

50 

ns 

TxHL. TpHL 

MCLK to Clock-XY or CLKP Low 


28 

40 

ns 

TxlH. Tplh 

MCLK to Clock-XY or CLKP High 


28 

40 

ns 

Tahl 

MCLK to Acc High 


38 

50 

ns 

Talh 

MCLK to Acc Low 


38 

50 

ns 

TrsT 

RESET Active Low Time 

200% 



Tclk 

Tld 

MCLK to CADD or DADD Loaded to FORD Value During Reset 


35 

50 

ns 
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DETAILED DESCRIPTION 

Data samples are input to the FFC via a 16 bit data port 
(DINO-15), and are internally latched following the rising edge of a 
valid START command signal. The occurance of a valid START 
command also causes the control logic to execute a computational 
cycle for the selected filter order length (1 to 128) determined by the 
Filter Order control inputs (FORD 0-6). The timing for each of the 
filter point sub-cycles, is controlled by the master clock input 
(MCLK), which operates at twice the desired Filter clock (FOLK) 
frequency. 

Each computational cycle begins at the first rising edge of FOLK 
following a valid START command. During the first filter point cycle, 
the new input data is stored in the FFC data RAM at the address 
corresponding to the current sample time period (Dn). The data 
value is also output to the Multiplier-Accumulator (MAC) via a 16 bit 
Tri-state output port (DOUT 0-15). The 7 bit address corresponding 
to the first filter coefficient value (CO) is simultaneously output to the 
coefficient memory via a tri-state output port (CADD 0-6). During 
the second half of this FCLK period (i.e., LOW), the FFC outputs a 
control signal to the MAC (CLKXY), which is used to latch both the 
sample data from the FFC and the coefficient data from the coeffi¬ 
cient memory. 

At the next rising edge of FCLK, both of the address counters 
within the FFC are incremented. The RAM data value correspond¬ 
ing to the previous sample time period (Dp-i) is then fetched and 
output to the MAC via the data output port. The address for the sec¬ 


ond coefficient value (Cl) is output to the coefficient memory via the 
coefficient address output port. During this entire FCLK period, the 
FFC outputs a LOW value on the ACC control signal to the MAC 
which shall prepare it to store the product of the previous data and 
coefficient values. During the LOW period of FCLK, the FFC out¬ 
puts both the CLKXY signal and a second signal, CLKR which is 
used by the MAC to store the results of the previous multiplication. 
At the end of this FCLK period, ACC returns HIGH until the next 
computational cycle. 

For each of the subsequent filter point sub-cycles, the FFC out¬ 
puts the appropriate sample data and coefficient address following 
the rising edge of FCLK, and outputs both CLKXY and CLKP 
during the LOW period of the FCLK. This shall continue until the 
programmed number of filter point subcycles (filter order) has been 
executed. 

During the FCLK period following the last filter point sub-cycle, 
a final CLKP signal is output to the MAC to cause it to store the 
results of the last filter point subcycle. The coefficient address 
counter is then reset to its initial value in preparation for the next 
computational cycle, at the next data sample input time. The RAM 
address counter however remains at its last value, which corres¬ 
ponds to the most ancient data sample in memory. At the next com¬ 
putational cycle, the new sample data shall replace the old data at 
this location and become the “current” data value (Dn). The sam¬ 
ple data value input during this last cycle shall then be regarded as 
the “previous data sample” (i.e. Dn-1). 
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SAMPLE 
DATA - 
INPUT ■ 


WRITE 

STB 


BUSY/ 

READY* 


16 


IM29C128 




VDD 

L 


nr 


DIN DOUT 
0-15 0-15 

CLKXYl 

CLKP 

ACC 

STEN 

START 


STATUS 


FORD CADD 
0-6 0-6 


OENi 

MCLK 




S^ 




ADO 


7-11 

DOUT 


0-15 

ADD 

0-6 

CS 


n 


IM29C510 


i>^XIN 

ICLKY 

CLKX 

CLKP 




SW^ 


2X BYTEWIDE 
RAM OR PROM 


NOTE: EXTRA ADDRESS LINES 
CAN BE USED TO SELECT 
VARIOUS SETS OF 
FILTER COEFFICIENTS 
HIGH PASS; LOW PASS; 
BAND PASS; ETC. 


Figure 5: Typical FIR Filter Application 


XTP 


ACC MSP 
TSX 


TSM 


YIN 


SUB 

RND 

TC 


TSL 

PREL 




n, 


GUARD BITS 
(OPTIONAL) 


\ FILTERED 
DATA 0/P 


- READ G.B. 


- READ DATA 


PIN DESCRIPTIONS 


PIN# 

eSPLCC 64 DIP 

NAME 

DESCRiPTION 

1 

_ 

NC 


2 

_ 

NC 


3 

_ 

NC 


4 

_ 

NC 


5 

_ 

NC 


6 

_ 

NC 


7 

4 

DOUT 15 

16 bit non-inverting tri-state Data output. During the first period of the Filter control cycle, the data output value shall be the 
same as the input data value present at the rising edge of the START command. During subsequent periods of the control 
cycle, the data output values shall be those fetched from the data history RAM, beginning with the most recent "previous" 
sample. The Data output port shall be enabled whenever 0£N is LOW. DOUT 15 is the MSB. 

ilHBSiii 

— 

NC 


IIIIIIIIEIilllll 

— 

RTSIHH 


HHEHI 

6 


See DOUT 15. 

IHKOHI 

8 


See DOUT 15. 

■■OH 

11 


See DOUT 15. 

f^HOH 

12 


See DOUT 15. 

IIIIIlQigilll 

13 


See DOUT 15. 

ii^BSH 

14 



HHOU 

— 



HKEBH 

— 



■HEHU 

15 


See DOUT 15. 

■■■■■ 

16 

ussam 

See DOUT 15. 

20 

17 

DOUT 6 

See DOUT 15. 
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I PIN# 

eSPLCC 64 DIP 

NAME 

DESCRIPTION 

21 

18 


See POUT 15._ 

22 

19 

firinm 

See POUT 15._ 

23 

20 


See DOUT15. 

24 

21 


See POUT 15._ 

BOB 

22 

P!S!iini 

See DOUT 15. 


23 


See DOUT 15. LSB_ 


24 

EUTEH 

16 bit data inout. Internallv latched uoon valid START command. 

28 

25 

DIN1 

See DIN 0. 

29 

26 

DIN 2 

See DIN 0. 

30 

27 

DIN 3 

See DIN 0. 

31 

BBI 

DIN 4 

See DIN 0. 

32 


DINS 

See DIN 0. 

33 


DINS 

See DIN 0. 

34 

31 

unwMM 

See DIN 0. 

35 

32 


Ground 

36 

33 

DIN 8 

See DIN 0. 

37 

34 

DIN 9 

See DIN 0. 

38 

35 

DIN 10 

See PINO._ 

39 

36 

DIN 11 

See DIN 0. 

40 

37 

DIN 12 

See DIN 0. 

41 

38 

DIN 13 

See DIN 0. 

42 


DIN 14 

See DIN 0. 

43 

40 

DIN 15 

SeeDINO. 

44 

41 

MCLK 

Master Clock 



START 

Asynchronous Start control input. Initiates filter control cycle upon rising edge. Valid only if STEN is HIGH, and STATUS is LOW. 
Start is internally synchronized to the Filter Clock (FCLK), allowing for full asynchronous operation of the FFC with respect 
to the external Host or controller. 


43 

RESET 

Active LOW Reset control input. Forces cycle control logic to standby mode, ready for valid START command. Forces both 
memory address counters to load the selected Filter Order value. Must be held LOW for at least two full periods of MCLK. 


44 


Active HIGH FFC Status output. Output set to HIGH upon reception of valid START command and reset to LOW at end of Filter 
control cycle. Falling edge of STATUS may be used by HOST TO latch valid result from MAC. and to initiate subseguent cycle. 

H 

45 


Trnstale control output to Product register of MAC. LOW value forces MAC to load the multiplier product into the Product register. 
HIGH value forces MAC to load output of the accumulator into the Product register. ACC shall be enabled whenever OEfQ 
is LOW. 

Bi 

46 

CLKP 

Tri-state control clock to Product register of MAC. Rising edge of CLKP used to latch product of multiplier or accumulator (as 
determined by ACC) into Product register. CLKP shall be enabled when OEN is LOW. 


47 

CLKXY 

Tri-state control clock output to X and Y registers of MAC. Rising edge of CLKXY used by MAC to latch data from FFC into X 
register and data from Coefficient memory into Y register. CLKXY output shall bo enabled whenever OEFi is LOW. 

■ 

48 

CADD6 

7 bit tri-state Coefficient Address output. During the Filter control cycle, the Coefficient Address begins at the selected Filter 
Order value and then counts down to zero. The Coefficient memory must therefore be organized such that the coefficient values 
CO, Cl, C2, etc. shall be located at memory address N, N-1, N-2, etc. respectively. The Address output port shall be enabled 
whenever OEfsl is LOW. 


49 

■•1 TtliLS 

SeeCADD6. 

53 

50 


SeeCA0D6. 

54 

51 


SeeCA0D6. 

55 

52 


SeeCADD6 

56 

53 


SeeCA0D6. 

57 

54 


SeeCA0D6. 

58 


FORD 6 

7 Bit active HIGH Filter Order control inputs. Input value of magnitude N will result In execution of Filter Length of N 1. Allows 

programmable selection of Filter lengths of 1 to 128 points. MSB 

59 

56 

r^«T;^r*is 


60 



See FORD 6. 

61 



See FORD 6. 

62 

59 


See FORD 6. 

63 

60 


See FORD 6. 

64 

61 



65 




66 

SB 



67 

64 


Active HIGH Start Enable control. Enables START command input when HIGH. 

68 

1 


+5 Volts. 
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IM29C510 

CMOS 16 X 16 Bit, 

65 ns (Commercial) 

75 ns (Military) 
Multiplier/Accumulator 



GENERAL DESCRIPTION 

The IM29C510 is a high-speed 16 x 16 Bit Parallel Multi¬ 
plier/Accumulator which operates at a 65 ns clock rate 
(more than 15 MHz Multiply/Accumulate rate). The 2 Input 
registers, x and y, accept 16 bit twos complement or un¬ 
signed magnitude operands and produce a 32 bit product, 
with accumulation up to 35 bits. 

To simplify bus interfacing and maximize system through¬ 
put, product outputs, x-inputs and y-inputs are individually 
and independently clocked. The Least Significant Product 
(the LSP) is multiplexed with the y-inputs. Most Significant 
Product (MSP), and Extended Product (XTP) are indepen¬ 
dently tri-stateable. These registers are positive edge-trig¬ 
gered D-type flip-flops. 

Individual three-state output ports for the XTP and the 
MSP are provided. Preloading during tri-state Is accom¬ 
plished through the tri-stated output pins for the MSP and 
EXP, and through the y-input pins for the LSP. Operation of 
the Accumulator is controlled by the signals ACC (Accumu¬ 
late), SUB (Subtract), and PREL (Preload). 

The IM29C510 16 x 16 Bit Multiplier/Accumulator is pin 
and function compatible with the industry standard 
TDC1010. Depending on the multiply-accumulate rate, the 
device operates with the same speed at one-sixth or less 
power dissipation than the bipolar versions. (Worst Case 
CMOS power consumption decreases with decreasing 
clock rate). 

The IM29C510 can operate as a 16 x 16 Bit Multiplier 
only as well as a 16 x 16 Bit Multiplier/Accumulator. 


APPLICATIONS 

• Radar/Sonar Signal Processors 

• Array Processors 

• Video Processors 

• FFT Processors 

• General Purpose Digital Signal Processors 

• Image Processors 

• FIR Filters 

FEATURES 

• Low Power CMOS 

• 65 ns Multiply/Accumulate Time 

• 16 X 16 Bit Parallel Multiplication with Accumulation 
to 35 Bits 

• Selectable Accumulate, Subtract, Round, and 
Preload of Accumulator 

• Fully TTL Compatible I/O 

• Three-State Outputs 

• Two’s Complement or Unsigned Magnitude 
Arithmetic 

• 64 Lead DIP, 68 Pin PLCC 

• Pin Compatible with Industry Standard MACs 

• Full Mil Screening Available 


ORDERING INFO 

RMATION 

Part 

Number 

Clock 

Speed 

Temperature 

Range 

Package 

Commercial: 

IM29C510CP68-65 

IM29C510CP64-65 

65 ns 

OMo +70“C 

OMo +70‘’C 

68 Lead PLCC 

64 Pin DIP 

Industrial: 

IM29C510ID64-70 

70 ns 

-40" to +85"C 

64 Pin DIP, Ceramic 

Military: 

IM29C510MD64-75 

75 ns 

-55"Cto +125"C 

64 Pin DIP, Ceramic 
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ACC, SUB 

CLK X X|n(Xi5-Xo) rnd, TC 


CLK Y Y,n(Yi5-Yo/P15-PO) 



XTPqut MSPqut 

(P34-P32) (P31-P16) 

Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

beyond which the device will be damaged 

Supply Voltage.OV to + 7.0V 

Input Voltage.-0.3V to (Vdd + 0.3V) 

Output 

Applied Voltage.-0.3V to (Vdd + 0-3V) 

Short-circuit duration 

(single output in high state to ground).1 sec 

Temperature 

Operating, Case.-60®C to + 130‘*C 

Junction.175"C 

Lead, soldering (10 seconds).OOO^C 

Storage.-OS^C to + 150"C 


ELECTRICAL CHARACTERISTICS within specified operating conditions 


Symbol 

Parameter 

Test Conditions 

Temperature Range 

Units 

Commercial 

Industrial 

Military 

Min 

Max 

Min 

Max 

Min 

Max 

•ddq 

Supply Current, 
Quiescent 

Vdd = Msx, V|N = ov 

TSL, TSM, TSX = 5.0V 


5 


10 


10 

mA 

•ddu 

Supply Current 
Unloaded (Note 1) 

Vdd Max, 

F = Clock Cycle Time 

TSL, TSM, TSX = 5.0V 


120 


130 

■ 

130 


l|L 

Input Current, 

Logic LOW 

Vdd = Max, V| = 0.4V 

X|N Controls, Clocks 

Y|N 

-75 

-75 

13 

HI 

m 

13 

m 


m 


Vdd = Max, V| = 2.4V 

X|N Controls, Clocks 

Y|N 


m 


13 


m 


m 

Input Current, 

Max Input Voltage 

Vdd “ Max, V| = Vdd 


+ 75 

■ 

+ 75 


+ 75 


Vql 

Output Voltage, 

Logic LOW 

Vdd “ Min, Iql “ Max 


0.4 

■ 

0.4 


0.4 

V 

VOH 

Output Voltage, 

Logic HIGH 

Vdd ~ Min, Iqh == Max 

2.4 


B 


B 




Hi-Z Output Leakage 
Current Output LOW 



+ 75 

-75 

+ 75 

-75 

+ 75 

fiA 







+ 75 

-75 

+ 75 

fxA 

•os 

Short-Circuit 

Output Current 

Vdd = Max, Output HIGH, 
One Pin to Ground 

One Second Duration Max 


-100 

1 


■ 



C| 



■ 

15 


15 


15 

PF 

Co 

Output Capacitance 
(Note 3) 

Ta = 25‘’C, F = 1 MHz 

■ 

15 


15 


15 

PF 


NOTE 1: Guaranteed to maximum clock rate. 

2: Worst case, all inputs and outputs toggling at maximum rate. 
3: Sampled and not 100% tested. 


NOTE: S 6 ’ 0 sse$ above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 
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SWITCHING CHARACTERISTICS within specified operating conditions (Note 1) 








Parameter 

Test Conditions 










IQQI 






Multiply-Accumulate Time 

c 

II 

o 

Q 

> 


65 


70 




to 

Output Delay 

Vdd = Min, Test Load: 

Vload = 2.2V 


35 


35 


m 


fENA 

Three-State Output 

Enable Delay 

Vdd = Min, Test Load; 

Vload = i-SV 




35 


40 

ns 

tois 

Three-State Output 

Disable Delay 

Vdd = Min, Test Load: 

Vload = 2.6V for 

Tdiso O-OV for toisi (Note 2) 


35 

■ 

35 





NOTE 1: All transitions are measured at a 1.5V level except for tQis and tgNA which are shown in Figure 5. 

2: toisi denotes the transition from logical 1 to three-state 
toiso denotes the transition from logical 0 to three-state 
Transition is measured ±500 mV from steady state voltage. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Symboi 

Description 

Conditions 

Min 

Max 

Units 

V|H 

input High Level 


2.0 


V 

V|L 

Input Low Level 



0.8 

V 

VOH 

Output High Level 

Vqc = Min, Iqh ~ “0.4 mA 

2.4 


V 

VoL 

Output Low Level 

Vcc “ Max, Iql “ 4.0 mA 


0.4 

V 

liH 

Input High Current 

Vcc = Max 


75 

jaA 

l|L 

Input Low Current 

Vcc = Max 


75 

jilA 


AC CHARACTERISTICS over operating range unless otherwise specified (Notes 3,4) 


Symboi 

Description 

Commerciai 

Industriai 

Miiitary 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

^MA 

Multiply/Accumulate Time 


65 


70 


75 

ns 

tD 

Output Delay 


35 


40 


40 

ns 

tENA 

Three-State Output 

Enable Delay 

35 


35 


40 



tDIS 

Three-State Output 

Disable Delay 

35 


35 


40 


ns 

tpWL 

Clock Pulse Width (LOW) 

25 


25 


30 


ns 

tpWH 

Clock Pulse Width (HIGH) 

25 


25 


30 


ns 

ts 

Input Setup Time (Data, 
ACC,SUB,RND,TC) 

25 


25 


30 


ns 

tH 

Input Hold Time (Data, 
SUB,RND,TC) 

3 


3 


3 



ts 

Input Setup Time (PREL, 
TSX,TSM,TSL) 

25 


25 


30 


ns 

tH 

Input Hold Time (PREL, 
TSX,TSM,TSL) 

3 


3 


3 


ns 


NOTE 3: All transitions are measured at 1.5V. 
4: V|H = 2.4V and V|l = 0.4V. 
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OPERATION 

A set of control words supplied by the CPU programs the 
functional operation of the IM29C510 16 x 16 Bit Multiplier/ 

Accumulator. These control words include the signals ACC 
(Accumulate), PREL (Preload), and SUB (Subtract). 

OPERATING CONDITIONS 


Symbol 

Parameter 

Test 

Conditions 

Temperature Range 

Units 

Commercial 

Industrial 

Military 

Min 

Norn 

Max 

Min 

Max 

Min 

Norn 

Max 


Supply Voltage 


4.75 

5.0 

5.25 

4.5 

5.5 

4.5 

5.0 

5.5 

V 

tpWL 

Clock Pulse Width, LOW 


25 



25 


30 



ns 

tpWH 

Clock Pulse Width, HIGH 


26 



25 


30 



ns 

ts 

Input Setup Time 


25 



25 


30 



ns 

tH 

Input Hold Time 


3 



3 


3 



ns 

V|L 

Input Voltage Logic LOW 




0.8 


0.8 



0.8 

V 

V|H 

Input Voltage, Logic HIGH 


2.0 



2.0 


2.0 



V 

•OL 

Output Current, Logic LOW 




4.0 


4.0 



4.0 

mA 

•oh 

Output Current, Logic HIGH 




-0.4 

-0.4 




-0.4 

mA 

Ta 

Ambient Temperature, Still Air 


0 


70 

-40 

+ 85 

-55 


+ 125 

-c 


OPERATING RANGES 


POWER 

Commercial Devices 


The IM29C510 16 x 16 Bit Multiplier/Accumulator oper- 

Temperature. 

. Ta = O-Cto +70“C 

ates from a single + 5V supply. All ground and power lines 

Supply Voltage. 

.Vcc= +4.75V to 5.25V 

must be connected. 

Industrial Devices 

Temperature. 

..Ta = -40"Cto +85"C 


Supply Voltage. 

...Vcc = + 4.5V to 5.5V 


Military Devices 

Temperature. 

.Tc= -55*CtO+125‘’C 


Supply Voltage. 

...Vcc = + 4.5V to 5.5V 



Name 

Function 

Value 


PLCC Package 

Vdd 

Positive Supply Voltage 

+ 5.0V 

Pin 49 

Plns17,18,19, 20 

GND 

Ground 

O.OV 

Pin 16 

Pins 53, 54 


12 
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DATA INPUTS 

The IM29C510 16 x 16 Bit Multiplier/Accumulator has 
two 16-blt two’s complement or unsigned magnitude data 
inputs, labeled X and Y. The sign information for the two’s 
complement notation is carried by the Most Significant Bits 
(MSBs), Xi 5 and Y 15 . Bits remaining are designated X 14 
through Xq and Y14 through Yq. The Least Significant Bits 
are Xq and Yq. 

When data are present at the X and Y inputs, they are 
clocked into the input registers at the rising edge of the 
appropriate clock. Table 3 shows the input and output for¬ 
mats for fractional two’s complement notation, integer two’s 
complement notation, fractional unsigned magnitude nota¬ 
tion, and integer unsigned magnitude notation. 


Table 1 


Name 

Function 

DIP Package 

PLCC Package 

Xl5 

X Data MSB 

Pin 56 

Pin 10 

Xi4 


Pin 57 

Pin 9 

X13 


Pin 58 

Pin 8 

X 12 


Pin 59 

Pin? 

X 11 



Pin 6 

X 10 


Pin 61 

Pin 5 

X 9 


Pin 62 

Pin 4 

Xs 


Pin 63 

Pin 3 

X 7 


Pin 64 

Pin 2 

Xe 


Pini 

Pini 

X 5 


Pin 2 

Pin 68 

X 4 


Pin 3 

Pin 67 

X 3 


Pin 4 

Pin 66 

X 2 


Pin 5 

Pin 65 

X1 


Pin 6 

Pin 64 

Xo 

X Data LSB 

Pin? 


Yi5 

Y Data MSB 

Pin 24 

Pin 45 

Yi4 


Pin 23 

Pin 46 

Yi3 


Pin 22 

Pin 47 

Yi2 


Pin 21 

Pin 48 

Y 11 


Pin 20 

Pin 49 

Y 10 


Pin 19 

Pin 50 

Y 9 


Pin 18 

Pin 51 

Ys 


Pin 17 

Pin 52 

Yy 


Pin 15 

Pin 55 

Ye 


Pin 14 


Ye 


Pin 13 


Y4 


Pin 12 


Y 3 


Pin 11 


Y2 


Pin 10 


Yi 


Pin 9 


Yo 

Y Data LSB 

Pin 8 



DATA OUTPUTS 

The IM29C510 16 x 16 Bit Multiplier/Accumulator has a 
35-bit two’s complement or unsigned magnitude results that 
yields the sum of the products of the previous products 
which have been accumulated plus the two input data val¬ 
ues. This output is expressed as two 16-bit output words: 
the Most Significant Product (MSP) and the Least Signifi¬ 
cant Product (LSP), and one 3-bit output word, the eXTend- 
ed Product (XTP). If two’s complement notation is used, the 
Most Significant Bit (MSB) of the XTP is the sign bit. 


Table 2 


Name 

Function 

DIP Package 

PLCC Package 

P34 

Product MSB 

Pin 43 

Pin 26 

P33 


Pin 42 

Pin 27 

P32 


Pin 41 

Pin 28 

P31 


Pin 40 

Pin 29 

P30 


Pin 39 

Pin 30 

P29 


Pin 38 

Pin 31 

P28 


Pin 37 

Pin 32 

P27 


Pin 36 

Pin 33 

P26 


Pin 35 

Pin 34 

P25 


Pin 34 

Pin 35 

P24 



Pin 36 

P23 


Pin 32 

Pin 37 

P22 


Pin 31 

Pin 38 

P21 



Pin 39 

P20 


Pin 29 


PI 9 


Pin 28 

Pin 41 

P18 


Pin 27 

Pin 42 

PI 7 


Pin 26 

Pin 43 

P16 


Pin 25 

Pin 44 

PI 5 


Pin 24 

Pin 45 

P14 



Pin 46 

P13 


Pin 22 

Pin 47 

PI 2 


Pin 21 

Pin 48 

P11 


Pin 20 

Pin 49 

P10 


Pin 19 

Pin 50 

P9 


Pin 18 

Pin 51 

P8 


Pin 17 

Pin 52 

P7 


Pin 15 

Pin 55 

P6 


Pin 14 

Pin 56 

P5 


Pin 13 

Pin 57 

P4 


Pin 12 

Pin 58 

P3 


Pin 11 

Pin 59 

P2 



Pin 60 

PI 


■3 EH 

Pin 61 

PO 

Product LSB 

■SiH 

Pin 62 
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CLOCKS 

The IM29C510 16 x 16 Bit Multiplier/Accumulator has an 
individual clock line for each of the input registers plus one 
for the product register, for a total of three clock lines. Data 
present at the inputs of these registers are loaded into the 
registers at the rising edge of the appropriate clock. The 
Round (RND), Two’s Complement (TC), Accumulate 
(ACC) and SUBtract (SUB) inputs are registered with all four 
bits clocked in at the rising edge of the logical OR of both 
CLK X and CLK Y. If normally HIGH clock signals are used, 
special attention to the clock signals is required. Loading 
problems with these four control signals can be avoided by 
the use of normally LOW clocks. 


Name 

Function 

DIP 

Package 

PLCC 

Package 

CLKX 

Clock Input Data X 

Pin 51 

Pin 15 

CLKY 

Clock Input Data Y 

Pin 50 

Pin 16 

CLKP 

Clock Product Register 

Pin 44 

Pin 25 


CONTROLS 

THE IM29C510 16 x 16 Bit Multiplier/Accumulator has 
eight control lines. TSX, TSM, and TSL are three-state en¬ 
able lines for the XTP, and MSP, and the LSP, respectively. 
The output driver is in the high-impedance state when TSX, 
TSM, or TSL is HIGH, and enabled when the appropriate 
control is LOW. 


PRELoad (PREL) is an active-HIGH control which has 
several effects when active (see Preload Truth Table (Table 
6 )). First, all output buffers are forced into the high-imped¬ 
ance state. Second, external data present at the output pins 
will be preloaded into the corresponding section of the out¬ 
put register on the rising edge of CLK P when any or all of 
TSX, TSM, and TSL are also HIGH. Normal data setup and 
hold times apply to the logical AND of PREL as well as to 
the data being preloaded, and to the relevant three-state 
control (TSX, TSM, TSL). These setup and hold times are 
with respect to the rising edge of CLK P. 

Addition of a “1” to the MSB of the LSP for rounding is 
controlled by the RouND (RND) controls. A “1” is added to 
the MSB of the LSP for rounding the product in the MSP 
and XTP (if appropriate) rather than truncating it, when RND 
is HIGH. 

How the device interprets data on the X and Y inputs is 
controlled by the Two’s Complement (TC) controls. TC 
HIGH make both inputs two’s complement inputs. TC LOW 
makes both inputs magnitude only inputs. 

The content of the output register is added to or subtract¬ 
ed from the next product generated when Accumulate 
(ACC) is HIGH. Their sum is returned to the output registers 
at the next rising edge of clock P. Multiplication without ac¬ 
cumulation is performed and the next product generated is 
stored into the output registers directly when ACC is LOW. 
To eliminate the need for a separate “clear” operation, this 
operation is used for the first term in a summation. 

The SUBtract (SUB) control is used in conjunction with 
the ACC control. The content of the output register is sub¬ 
tracted from the next product generated and the difference 
is returned to the output register, when both the ACC and 
SUB controls are HIGH. 

NOTE: The previous output is subtracted from the product, NOT the product 
from the previous output. 
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Table 3: Data Formats 
Fractional Two’s Complement Notation 

BINARY POINT 



Fractional Unsigned Magnitude Notation 


BINARY POINT 


X16 

Xi4 

Xi^ 

Xl2 

Xii 

Xio 

Xg 

Xa 

X7 

Xa 

Xa 

X4 

Xa 

X2 

Xl 

Xo 

SIGNAL 


2-2 

2-3 

B 

2-S 

2-6 

B 

2-8 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

2-16 

DIGIT VALUE 


Yis 

Yi4 

Yi3 

Yi2 

Yii 

YlO 

Yg 

Ya 

Yy 

Ya 

Ya 

Y4 

Ya 

Y2 

Yl 

Yo 

SIGNAL 


2-2 

2-3 

2-4 

2^ 

2-6 

2-7 

2-6 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

2-16 

DIGIT VALUE 


P 34 

P33 

P32 

£31 

P30 


Pga 

pgz 

Pae 

P25 

P24 

P23 

P22 

P21 

P20 

Pig 

P 18 

Pl7 

Pie 

Pia 

Pl4 

Pia 

Pi 2 

P1I 

P10 

Pg 

Pa 

P7 

Pa 

P5 

P4 

P3 

P2 

Pi 

Po 

SIGNAL 

DIGIT VALUE 

22 


20 

2-1 

2-2 

2-3 

2-4 

B 

2-6 

B 

2-8 

B 

2-10 

2-11 

2-12 


2-14 

2-15 

2-16 

2-17 

2-18 

2-19 

2-20 

2-21 

2-22 

2-23 

2-24 

2-25 

2-26 

2-27 

2-28 

2-28 

2-30 

2-31 

2-32 


integer Two’s Compiement Notation 


BINARY POINT 



BINARY POINT 



SIGNAL 
DIGIT VALUE 

SIGNAL 
DIGIT VALUE 

SIGNAL 
DIGIT VALUE 


The RND, TC, ACC, and SUB inputs are registered with 
all four bits clocked in at the rising edge of the logical OR of 
both CLK X and CLK Y. If normally HIGH clock signals are 


used, special attention to the clock signal is required. Load¬ 
ing problems of these four control signals can be avoided 
by the use of normally LOW clocks. 


Tabie 4 


Name 

Function 

DIP Package 

PLCC Package 

TSX 

XTP Three-State Control 

Pin 47 

Pin 22 

TSM 

MSP Three-State Control 

Pin 45 

Pin 24 

TSL 

LSP Three-State Control 

Pin 55 

Pin 11 

PREL 

Preload Control 

Pin 46 

Pin 23 

RND 

Round Control Bit 

Pin 54 

Pin 12 

TC 

Two’s Complement Control 

Pin 48 

Pin 21 

ACC 

Accumulate Control 

Pin 52 

Pin 14 

SUB 

Subtract Control 

Pin 53 

Pin 13 
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Table 5; Pin Assignments 


Pin Name 

Function 

input/Output 

DiP Package 

PLCC Package 

Xe 


I 

Pini 

Pini 

X 5 


I 

Pin 2 

Pin 68 

X 4 


I 

Pin 3 

Pin 6? 

X 3 


I 

Pin 4 

Pin 66 

X 2 


I 

Pin 5 

Pin 65 

Xi 


I 

Pine 

Pin 64 

Xo 

X Input LSB 

I 

Pin? 

Pin 63 

Po-Yo 

Product/Y Input LSB 

I/O 

Pine 

Pin 62 

P 1 -Y 1 


I/O 

Pin 9 

Pin 61 

P 2 -Y 2 


I/O 

Pin 10 

Pin 60 

P 3 -Y 3 


I/O 

Pin 11 

Pin 59 

P 4 -Y 4 


I/O 

Pin 12 

Pin 58 

P 5 -Y 5 


I/O 

Pin 13 

Pin 5? 

Pe-Ys 


I/O 

Pin 14 

Pin 56 

P 7 -Y 7 


I/O 

Pin 15 

Pin 55 

GND 


Ground 

Pinie 

Pin 53, 54 

Ps-Ys 


I/O 

Pini? 

Pin 52 

P 9 -Y 9 


I/O 

Pinie 

Pin 51 

P 10 -Y 10 


I/O 

Pin 19 

Pin 50 

PirYii 


I/O 

Pin 20 

Pin 49 

P 12 -Y 12 


I/O 

Pin 21 

Pin 48 

P 13 -Y 13 


I/O 

Pin 22 

Pin 4? 

P 14 -Y 14 


I/O 

Pin 23 

Pin 46 

P 15 -Y 15 

Product/Y Input MSB 

I/O 

Pin 24 

Pin 45 

P 16 


0 

Pin 25 

Pin 44 

P17 


0 

Pin 26 

Pin 43 

P 18 


0 

Pin 2? 

Pin 42 

Pl9 


0 

Pin 28 

Pin 41 

P 20 


0 

Pin 29 

Pin 40 

P 21 


0 

Pin 30 

Pin 39 

P 22 


0 

Pin 31 

Pin 38 

P 23 


0 

Pin 32 

Pin 3? 

P 24 


0 

Pin 33 

Pin 36 

P 25 


0 

Pin 34 

Pin 35 

P 26 


0 

Pin 35 

Pin 34 

P 27 


0 

Pin 36 

Pin 33 

P 28 


0 

Pin 3? 

Pin 32 

P 29 


0 

Pin 38 

Pin 31 

P 30 


0 

Pin 39 

Pin 30 

P 31 


0 

Pin 40 

Pin 29 

P 32 


0 

Pin 41 

Pin 28 

P 33 


0 

Pin 42 

Pin 2? 

P 34 

Product MSB 

0 

Pin 43 

Pin 26 

CLKP 

Clock Product Register 

I 

Pin 44 

Pin 25 

TSM 

MSP Three-State Control 

I 

Pin 45 

Pin 24 

PREL 

Preload Control 

I 

Pin 46 

Pin 23 

TSX 

XTP Three-State Control 


Pin 4? 

Pin 22 

TC 

Two’s Complement Control 


Pin 48 

Pin 21 

Vdd 

Positive Supply Voltage 

Vdd 

Pin 49 

Pini?, 18,19,20 
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Table 5: Pin Assignments (Continued) _ 

Input/Output DIP Package 


PLCC Package 




Figure 3: Setup and Hold Time 



THREE 


STATE 

CONTROL ^ 

rzz 'v _ 


—► tENA 

OUTPUT 

THREE 

/ HIGH IMPEDANCE \ 

STATE .. 

0085-5 

Figure 4: Three-State Control Timing Diagram 


CONTROL AND 
DATA IN 



THREE-STATE 

CONTROL 


I tois I 

k— tENA-j 




tDIS 

h i 


^ -tH-^ 


H 


k-- T\ 

I ^^“Vdataout^ 

LJ 

^ PRELOAD IN DATA M 

— 


HIGH IMPEDANCE 


■—tENA 

DATA OUT 


Figure 5: Timing Diagram 
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Table 6: Preload Truth Table 






XTP 

MSP 

LSP 

L 

L 

L 

L 

Register Output Pin 

Register —>> Output Pin 

Register —► Output Pin 

L 

L 

L 

H 

Register Output Pin 

Register Output Pin 

HiZ 

L 

L 

H 

L 

Register —^ Output Pin 

HiZ 

Register Output Pin 

L 

L 

H 

H 

Register —*■ Output Pin 

HiZ 

HiZ 

L 

H 

L 

L 

HiZ 

Register —► Output Pin 

Register Output Pin 

L 

H 

L 

H 

HiZ 

Register —» Output Pin 

HiZ 

L 

H 

H 

L 

HiZ 

HiZ 

Register —► Output Pin 

L 

H 

H 

H 

HiZ 

HiZ 

HiZ 

H2 

L 

L 

L 

HiZ 

HiZ 

HiZ 

H2 

L 

L 

H 

HiZ 

HiZ 

Hi Z Preload 

H2 

L 

H 

L 

HiZ 

Hi Z Preload 

HiZ 

H2 

L 

H 

H 

HiZ 

Hi Z Preload 

Hi Z Preload 

H2 

H 

L 

L 

Hi Z Preload 

HiZ 

HiZ 

H2 

H 

L 

H 

Hi Z Preload 

HiZ 

Hi Z Preload 

H2 

H 

H 

L 

Hi Z Preload 

Hi Z Preload 

HiZ 

H2 

H 

H 

H 

Hi Z Preload 

Hi Z Preload 

Hi Z Preload 


NOTE 1: PREL, TSX, TSM, and TSL are not registered. 

2: PREL HIGH inhibits any change of output register for those outputs in which the three-state control is LOW. 


AC TEST CONDITIONS 


Input Pulse Levels 

GNDto 3.0V 

Input Rise and Fall Times 

5 ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 6 and 7 


Vcc 



Figure 6: AC Output Test Load 


TO 

OUTPUT O- 
PIN 


40pF :± 


^ Vx 


Vx = OOR2.6V ■=■ 


Figure 7: Output Three^State Delay Load 
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SAMPLE 

DATA 

INPUT 


- ./ -SIDII 

~r ---v| 0- 


WRITE - 
STB 


BUSY/ 

READY* 






DIN 

0-15 


DOUTi 

0-15 


CLKXY 
CLKP 
ACC 

STEN 

START 

reset 

STATUS 


FORD CADDi 
0-6 0-6 


OEN 

MCLK 





ADD 


7-11 

DOUT 


0-15 

ADD 

0-6 

CS 


4 


2X BYTEWIDE 
RAM OR PROM 




V V 


iM29C510 



3 

XIN XTP 

-1 —> 

CLKY 


CLKX 


CLKP 

16 

ACC MSP 

/ > 

TSX 


TSM 


YIN 

VDD 

0 

SUB 


RND 

} 

TC TSL 

_J 

PREL 



NOTE: Extra address lines can be used to select various sets of filter coefficient high pass; low pass; band pass; etc. 

Figure 8: Typical FIR Filter Application 


V (OPTIONAL) 


FILTERED 
^ DATA 0/P 


READ G.B. 

- READ DATA 
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EVK-128 

Data Conversion and FIR Filtering 
System 





GENERAL DESCRIPTION 

The Intersil EVK-128 provides a moderate speed data ac¬ 
quisition, conversion, and digital filtering system for the IBM 
PC and most compatibles. Consisting of a board which 
plugs into and occupies a single slot on the PC, the card 
digitally filters data with a filter length of 0 (unfiltered) to 128 
taps, utilizing the Intersil IM29C128 Finite Impulse Re¬ 
sponse Filter Controller (FFC) and 29C510 16 bit Multiplier- 
Accumulator (MAC). Throughput is a function of required 
filter length, with an 80 nS per tap processing rate. 

The ICL7115 converts analog signals to 14 bit words at 
up to 32.727 KHz rate, while the ICL7121 converts a 16 bit 
digital data stream to analog. Edge mounted connectors al¬ 
low simple analog I/O. The A/D and/or D/A converters 
may be bypassed for processing of digital data, input or 
output via externally accessible edge mounted connectors 
or the PC bus. This also allows nonreal time processing or 
storage of data to or from a disk, for example. 

Also included is a floppy disk with an easy-to-use menu 
driven FIR filter design program for the PC, including coeffi¬ 
cient calculations, time and frequency calculations and plot¬ 
ting capabilities, and prompts for controlling the different 
modes of operation of the board. The package contains 
complete documentation, including detailed schematics, 
printed circuit layout, parts list, timing diagrams, and appli¬ 
cations literature. The user may copy any of this for his own 
system design, if desired. 


FEATURES 

• Occupies Single IBM PC Slot 

• On Board 14 Bit ICL7115 A/D Converter 

• On Board 16 Bit ICL7121 D/A Converter 

• All Necessary Software Provided 

• Digital Filters of 1 to 128 Taps 

• Versatile I/O Options 

• On Board Digital Noise Generator 

• Complete Documentation Package 

• Fully Tested, Ready to Plug In and Use 

• S/N > 84 dB 
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DETAILED DESCRIPTION 

The EVK-128 is designed to be mapped into a 16-byte 
block of addresses in the I/O space of the PC. The base 
address Is set by means of a DIP switch so as not to conflict 
with other boards. An expansion decoding scheme is used 
to map these 16 addresses into a IK block. The first 512 
locations are used to address the coefficient RAM, and the 
rest are available for control, test, and data transfer func¬ 
tions. The address translation from 16 to 1K is handled by 
the provided software. 

There are two registers which determine the configuration 
of the board: the Filter Order Register (FOR), and the Mode 
Register (MR). Bits 0 to 6 of the FOR hold the filter order 
(number of taps). Bit 7 is used to give a software reset to 
the board. Bits 1 to 3 of the MR are used to select between 
the A/D, digital noise generator, or external digital inputs. 
This scheme gives the flexibility to mix analog and digital 
I/O. Bit 0 is used to enable the external digital output, and 
bit 4 is used to select between 1 of 2 possible banks of 
coefficient RAM memory. Table 1 shows the addresses for 
the various control functions. 

The analog sample rate is set internally at 32.727 kHz. An 
external clock may be provided through the back connec¬ 
tors in lieu of the internal one, as long as the logic swing is 
between 0 to 5 volts. The external digital connection is via a 


20-pin header and uses 16 bits of parallel data and a non¬ 
overlapping clock scheme to manage data over the bidirec¬ 
tional bus. 

The control pattern for the sample/hold, A/D, and D/A is 
downloaded under software control from the PC, as is the 
seed value for the Digital Noise Generator (DNG). Since the 
DNG shift register is 20 bits long, the resulting sequence will 
exhibit a high degree of randomness. 


Table 1: PC Address Map 


Relative 

Address 

Description 

000-1FE 

Load Coefficient RAM 

200, 201 

Write Data Word to FFC 

202, 203 

Write Filter Order Register 

204, 205 

Read Data Word from MAC 

206, 207 

Read A/D into PC 

206, 207 

Write PC into D/A 

208, 209 

Write Mode Register 

20A, 20B 

Load Digital Noise Seed 

20C, 20D 

Read/Write A/D Control Pattern 

20E 

Start all Operations Except FFC 

20F 

Start ail Operations Including FFC 


Table 2: Mode Register Bit Map 


4 

3 

2 

1 

0 

FN 

ADM 

DNGM 

DIM 

DOM 

Filter 

A/D 

Digital 

Digital 

Digital 

Number 

Output 

Noise 

Input 

Output 

A= 0,B = 1 

Enable 

Enable 

Enable 

Enable 


Mask 

Mask 

Mask 

Mask 


0 = Disable 1 = Enable 


Table 3: Filter Order Register Bit Map 


BIT# 7 

6 

5 4 

3 

2 

1 0 

r: 


1 



1 1 


\\\\\\\\\\\\\\\\\ ///////////////// 

▼ 

SOFT RESET 

0 = RESET 

1 = ACTIVE 

1 1 

FILTER ORDER 0-127 

0109-2 
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EVK-128 




Sample plot from filter design software. The plot itself is from the program run on a COMPAQ II and plotted on an OKIDA TA 
193, but most common dot matrix printers, iike the EPSON, are supported. 

SPECIFICATIONS FOR A BANDPASS 
EQUIRIPPLE 

FIR FILTER OF LENGTH 125 


End of Lower Stopband (Hz).19 

Beginning of Passband (Hz).21 

End of Passband (Hz).29 

Beginning of Upper Stopband (Hz).31 

Maximum Passband Attenuation (dB).0.6 

Minimum Stopband Attenuation (dB).72 


Although the above plot shows the kind of response pos¬ 
sible with less than 128 taps, longer filters can be imple¬ 
mented if non-realtime processing is allowed. Data could be 
stored on the computer (e.g., floppy or Winchester) and cy¬ 
cled through the filter board, processing up to 128 taps with 
each pass. Furthermore, data recorded offline somewhere 
else could be loaded and processed easily via the back¬ 
plane. The board could also function as a powerful develop¬ 
ment tool, a pedagogical tool, or, more obviously, as a sys¬ 
tem for actual data conversion and filtering. 



0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 
NORMALIZED FREQUENCY 
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Section 13 — Display Drivers 
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ICM7211/12 

4-Digit LCD/LED 
Dispiay Driver 

GENERAL DESCRIPTION 

The ICM7211 (LCD) and ICM7212 (LED) devices consti¬ 
tute a family of non-multiplexed four-digit seven-segment 
CMOS display decoder-drivers. 

The ICM7211 devices are configured to drive convention¬ 
al LCD displays by providing a complete RC oscillator, divid¬ 
er chain, backplane driver, and 28 segment outputs. 

The ICM7212 devices are configured to drive common- 
anode LED displays, providing 28 current-controlled, low 
leakage, open-drain n-channel outputs. These devices pro¬ 
vide a BRighTness input, which may be used at normal logic 
levels as a display enable, or with a potentiometer as a 
continuous display brightness control. 

Both the LCD and LED devices are available with multi¬ 
plexed or microprocessor input configurations. The multi¬ 
plexed versions provide four data inputs and four Digit Se¬ 
lect inputs. This configuration is suitable for interfacing with 
multiplexed BCD or binary output devices, such as the 
ICM7217, ICM7226 and ICL7135. The microprocessor ver¬ 
sions provide data input latches and Digit Address latches 
under control of high-speed Chip Select inputs. These de¬ 
vices simplify the task of implementing a cost-effective al¬ 
phanumeric seven-segment display for microprocessor sys¬ 
tems, without requiring extensive ROM or CPU time for de¬ 
coding and display updating. 

The standard devices will provide two different decoder 
configurations. The basic device will decode the four bit bi¬ 
nary inputs into a seven-segment alphanumeric hexadeci¬ 
mal output. The “A” versions will provide the “Code B” out¬ 
put code, i.e., 0-9, dash, E, H, L, P, blank. Either device will 
correctly decode true BCD to seven-segment decimal out¬ 
puts. 

Devices in the ICM7211/7212 family are packaged in a 
standard 40 pin plastic dual-in-line package and all inputs 
are fully protected against static discharge. 


ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

ICM7211AMIJL 

-40“Cto +85‘’C 

40 Pin CERDIP 

ICM7211IPL 

-40*010 +85*C 

40 Pin PLASTIC 

ICM7211AIPL 

-40*Cto +85*C 

40 Pin PLASTIC 

ICM7211AMIPL 

-40“Cto +85*C 

40 Pin PLASTIC 

ICM7211MIPL 

-40*CtO +85*C 

40 Pin PLASTIC 

ICM7211AEV/KIT 

— 

EVALUATION KIT 



ICM7211 (LCD) FEATURES 

• Four Digit Non-Muitiplexed 7 Segment LCD Dispiay 
Outputs With Backpiane Driver 

• Compiete Onboard RC Osciiiator to Generate 
Backpiane Frequency 

• Backpiane input/Output Aiiows Simple 
Synchronization of Slave-Devices to a Master 

• ICM7211 Devices Provide Separate Digit Select 
Inputs to Accept Multiplexed BCD Input (Pinout and 
Functionally Compatible With Siliconix DF411) 

• ICM7211M Devices Provide Data and Digit Address 
Latches Controlled by Chip Select Inputs to Provide 
a Direct High Speed Processor Interface 

• ICM7211 Decodes Binary Hexadecimal; iCM7211A 
Decodes Binary to Code B (0-9, Dash, E, H, L, P, 
Blank) 

ICM7212 (LED) FEATURES 

• 28 Current-Limited Segment Outputs Provide 4-Digit 
Non-Multiplexed Direct LED Drive at > 5mA Per 
Segment 

• Brightness Input Aiiows Direct Control of LED 
Segment Current With a Single Potentiometer or 
Digitally as a Display Enable 

• ICM7212M and ICM7212A Devices Provide Same 
Input Configuration and Output Decoding Options as 
the ICM7211 


Part Number 

Temperature 

Range 

Package 

ICM7212AIPL 

-40°Cto +85*C 

40 Pin PLASTIC 

ICM7212IPL 

-40°Cto +85*C 

40 Pin PLASTIC 

ICM7212MIPL 

-40°Cto +85*C 

40 Pin PLASTIC 

ICM7212AMIPL 

-40°Cto +85°C 

40 Pin PLASTIC 

ICM7212AEV/KIT 

— 

EVALUATION KIT 
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ICM7211/12 


ICM7211/12 


DATA 

INPUTS 


DIGIT 

SELECT 

INPUTS 


OSCILLATOR 

INPUT 


DATA 

INPUTS 


DIGIT 

SELECT 

INPUTS 


ICM7211 (A) 


04 03 02 01 

SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 



ICM7212(A) 


04 


02 


01 


SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 


iii litl . , ttttttt _ m 


7 WIDE DRIVER 


7 WIDE DRIVER 


7 WIDE DRIVER 


17 WIDE LATCH ENI 


PROGRAMMABLE 
4 TO 7 DECODER 


|7WIDELATCH EN^ J 


ttttttt 


7 WIDE DRIVER I— BRIGHTNESS 


PROGRAMMABLE 
4 TO 7 DECODER 


7 WIDE LATCH EN I 


PROGRAMMABLE 
4 TO 7 DECODER 


I 7 WIDE LATCH EN I 


PROGRAMMABLE 
4 TO 7 DECODER 


Figure 1: Functional Diagrams 
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ICM7211/12 


SDIFiSiilli^DIL 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Note 1) .0.5W@70‘'C Operating Temperature Range .-40°Cto+85“C 

Supply Voltage (Vdd~Vss) .6.5V Storage Temperature Range.-55®C to + 125°C 

Input Voltage (Any Terminal) (Note 2) Lead Temperature (Soldering, tOsec) . 300®C 

.Vss -0.3V to Vdd +0.3V 

NOTE 1: This limit refers to that of the package and will not be realized during normal operation. 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vqd or less than Vss cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device 
before its supply is established, and that in multiple supply systems, the supply to the ICM7211/ICM7212 be turned on first. 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings’’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

ICM7211 CHARACTERISTICS (LCD) VpD=5V ± 10%, Ta= 25“C, Vss=unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

VSUPPLY 

Operating Supply Voltage Range (Vdd-Vss) 


3 

5 

6 

V 

Idd 

Operating Current 

Test circuit, Display blank 


10 

50 

jliA 

bsci 

Oscillator Input Current 

Pin 36 


±2 

±10 

tR. tp 

Segment Rise/Fall Time 

Cl=200pF 


0.5 


fxS 

tR. tp 

Backplane Rise/Fall Time 

Cl=5000pF 


1.5 


fosc 

Oscillator Frequency 

Pin 36 Floating 


19 


kHz 

^BP 

Backplane Frequency 

Pin 36 Floating 


150 


Hz 


ICM7212 CHARACTERISTICS (COMMON ANODE LED) 



Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

VsUPPLY 

Operating Supply Voltage Range (Vdd-Vss) 


4 

5 

6 

V 

>STBY 

Operating Current 

Display Off 



■1 



Idd 

Operating Current 

Pin 5 at Vdd. Display all 8’s 




mA 

ISLK 

Segment Leakage Current 

Segment Off 



±1 

juA 

ISEG 

Segment On Current 

Segment On, Vo= + 3V 

5 

8 


mA 
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ICM7211/12 

INPUT CHARACTERISTICS (ICM7211 AND ICM7212) 


Symboi 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1 ” Input voltage 


4 



V 

V|L 

Logical “0” Input voltage 




1 

l|LK 

Input leakage current 

Pins 27-34 


±.01 

±1 

jjlA 

C|N 

Input capacitance 

Pins 27-34 


5 


PF 

Ibplk 

BP/Brightness input leakage 

Measured at Pin 5 with Pin 36 at Vss 


±.01 

±1 

jjlA 

Cbpi 

BP/Brightness input capacitance 

All Devices 


200 


pF 

AC CHARACTERISTiCS — MULTiPLEXED iNPUT CONFiGURATION 

tWH 

Digit Select Active Pulse Width 

Refer to Timing Diagrams 

1 



fJLS 

tos 

Data Setup Time 


500 



ns 

tOH 

Data Hold Time 


200 



t|DS 

Inter-Digit Select Time 


2 



fJLS 

AC CHARACTERISTICS — MICROPROCESSOR INTERFACE 

tWL 

Chip Select Active Pulse Width 

other Chip Select either held active, or 
both driven together 

200 



ns 

tos 

Data Setup Time 


100 



tpH 

Data Hold Time 


10 

0 


ties 

Inter-Chip Select Time 


2 



jJLS 


EACH SEGMENT 
TO BACKPLANE 
WITH 200pF 
CAPACITOR 


^1- 






1h- 


|i voo 

n 

ICM7211(A)(M) 

5 BP OSC 36 

Vss 35 

DIGIT/CHiP 

34 

33 

32 

SELECT 

INPUT 

DATA i 

29 

INPUTS 



27 

20 

21 


.n I 

».j 




Vdo I MICROPROCESSOR 1 
I VERSIONS i 


VSS / MULTIPLEXED I 


^ VERSIONS 


vdd 


Figure 3: Test Circuits 
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TYPICAL PERFORMANCE CHARACTERISTICS 


ICM7211 OPERATINGS SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 



1 2 3 4 5 6 7 


VSUPP (VOLTS) 

0364-10 


ICM7211 BACKPLANE FREQUENCY AS A 
FUNCTION OF SUPPLY VOLTAGE 



iCM7212 LED SEGMENT CURRENT AS A 


FUNCTION OF OUTPUT VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


ICM7212 LED SEGMENT CURRENT AS A 
FUNCTION OF BRIGHTNESS CONTROL VOLTAGE 

.rn i n i | | | | l 

_ SEGMENT OUTPUT AT+3V_ _/ 

Ta*25»C 7 ~ 


ICM7212 OPERATING POWER (LED DISPLAY) AS A 
FUNCTION OF SUPPLY VOLTAGE 


LED DEVICES 
~ DISPLAY ALL EIGHTS 
LED FORWARD VOLTAGE DROP 
- VflE0*1.7V 
PIN 5 AT Vdd 
Ta*25*C 


1 2 3 4 5 

VOLTAGE ON BRT PIN 5 (VOLTS) 


VSUPP (VOLTS) 


INPUT DEFINITIONS 

In this table, Vdd and Vss are considered to be normal operating input logic levels. Actual input low and high levels are 
specified under Operating Characteristics. For lowest power consumption, input signals should swing over the full supply. 


Input 

Terminal 

Test Conditions 

Function 

BO 

27 

Vdd=L ogical One 

Vss = Logical Zero 

Ones (Least Significant) 


B1 

28 

Vdd=L ogical One 

Vss=Logical Zero 

Twos 


B2 

29 

Vdd=L ogical One 

Vss=Logical Zero 

Fours 


B3 

30 

1 Vdd=L ogical One 

Vss = Logical Zero 

Eights (Most significant) 


OSC 

(LCD Devices Only) 

36 

Floating or with ex¬ 
ternal capacitor to Vdd 
V ss 

Oscillator input 

Disables BP output devices, allowing segments to be 
synchronized to an external signal input at the BP terminal (Pin 5) 
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ICM7211/ICI\/I7212 MULTIPLEXED-BINARY INPUT CONFIGURATION 


input 

Terminai 

Test Conditions 

Function 

D1 

31 

Vdd=A ctive 

Vss= Inactive 

D1 Digit Select (Least significant) 

D2 

32 

D2 Digit Select 

D3 

33 

D3 Digit Select 

D4 

34 

D4 Digit Select (Most significant) 


ICM7211M/ICM7212M MICROPROCESSOR INTERFACE INPUT CONFIGURATION 


input 

Description 

Terminai 

Test Conditions 

Function 

DAI 

Digit Address 
Bit 1 (LSB) 

31 

Vdd= Logical One 
Vss= Logical Zero 

DAI & DA2 serve as a two bit Digit Address Input 

DA2, DAI =00 selects D4 

DA2, DA1=01 selects D3 

DA2, DAI = 10 selects D2 

DA2, DAI = 11 selects D1 

DA2 

Digit Address 
Bit 2 (MSB) 

32 


Chip Select 1 

33 

ii II 

Q CO 

> > 

When both CS1 and CS2 are taken low, the data at the Data 
and Digit Select code inputs are written into the input latches. 
On the rising edge of either Chip Select, the data is decoded 
and written into the output latches. 


Chip Select 2 

34 


DIGIT SELECT 
Dn-i 


DIGIT SELECT 
Dn 


^-t|d8—► 

V 


-twh-► 

< -tids — 



/ 

-- 

-^tdh 

.A 

1 




nAT2"vALID 

Dn 

DATA VALID 



DATA VALID 




—*d8 

1 


Figure 4: Multiplexed Input Timing Diagram 
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CS1 

(CS2) 


CS2 

(CS1) 

DATA AND 

DIGIT 

ADDRESS 






*d8- 


—ties 


r 

*dh 

1 





S DON’T CARE 


Figure 5: Microprocessor Interface Input Timing Diagram 
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DESCRIPTION OF OPERATION 
LCD DEVICES 

The LCD devices in the family (ICM7211, 7211 A, 7211M, 
7211AM) provide outputs suitable for driving conventional 
four-digit, seven-segment LCD displays. These devices in¬ 
clude 28 individual segment drivers, backplane driver, and a 
self-contained oscillator and divider chain to generate the 
backplane frequency. 

The segment and backplane drivers each consist of a 
CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any DC component, which could arise 
from differing rise and fall times, and ensures maximum dis¬ 
play life. 

The backplane output devices can be disabled by con¬ 
necting the oscillator input (pin 36) to Vss- This allows the 
28 segment outputs to be synchronized directly to a signal 
Input at the BP terminal (pin 5). In this manner, several slave 
devices may be cascaded to the backplane output of one 
master device, or the backplane may be derived from an 
external source. This allows the use of displays with charac¬ 
ters in multiples of four and a single backplane. A slave 
device represents a load of approximately 200pF (compara¬ 
ble to one additional segment). Thus the limitation of the 
number of devices that can be slaved to one master device 
backplane driver is the additional load represented by the 
larger backplane of displays of more than four digits. A good 
rule of thumb to observe in order to minimize power con¬ 
sumption is to keep the backplane rise and fall times less 
than about 5 microseconds. The backplane output driver 
should handle the backplane to a display of 16 one-half¬ 
inch characters. It is recommended that if more than four 
devices are to be slaved together, that the backplane signal 
be derived externally and all the ICM7211 devices be 
slaved to it. This external signal should be capable of driving 
very large capacitive loads with short (1-2jas) rise and fall 
times. The maximum frequency for a backplane signal 
should be about 150Hz although this may be too fast for 
optimum display response at lower display temperatures, 
depending on the display used. 



The onboard oscillator is designed to free run at approxi¬ 
mately 19kHz at microampere power levels. The oscillator 
frequency is divided by 128 to provide the backplane fre¬ 
quency, which will be approximately 150Hz with the oscilla¬ 
tor free-running; the oscillator frequency may be reduced by 
connecting an external capacitor between the OSCillator 
terminal and N/qd- 

The oscillator may also be overdriven if desired, although 
care must be taken to ensure that the backplane driver is 
not disabled during the negative portion of the overdriving 
signal (which could cause a D.C. component to the display). 
This can be done by driving the OSCillator input between 
the positive supply and a level out of the range where the 
backplane disable is sensed (about one fifth of the supply 
voltage above Vss)- Another technique for overdriving the 
oscillator (with a signal swinging the full supply) Is to skew 
the duty cycle of the overdriving signal such that the nega¬ 
tive portion has a duration shorter than about one microsec¬ 
ond. The backplane disable sensing circuit will not respond 
to signals of this duration. 

LED DEVICES 

The LED devices in the family (ICM7212, 7212A, 7212M, 
7212AM) provide outputs suitable for directly driving four¬ 
digit, seven-segment common-anode LED displays. These 
devices include 28 individual segment drivers, each consist¬ 
ing of a low-leakage, current-controlled, open-drain, n-chan- 
nel transistor. 

The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for “on” segments, and thus directly modulates the 
transistor’s “on” resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 7. The potenti¬ 
ometer should be a high value (lOOKH to IMH) to minimize 
power consumption, which can be significant when the dis¬ 
play is off. 

The BRighTness input may also be operated digitally as a 
display enable; when high, the display is fully on, and low 
fully off. The display brightness may also be controlled by 
varying the duty cycle of a signal swinging between the two 
voltages at the BRighTness input. 

Note that the LED devices have two connections for Vss; 
both of these pins should be connected. The double con¬ 
nection is necessary to minimize effects of bond wire resist¬ 
ance with the large total display currents possible. 

When operating LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera¬ 
tures. The maximum power dissipation is 1 watt at 25‘’C, 
derated linearly above 35'’C to 500mW at 70'’C ( - 15mW/®C 
above 35‘’C). Power dissipation for the device is given by: 

P = (VsUPP - VFLED)(>SEG)(nSEG) 
where Vfled 'S the LED forward voltage drop, Iseg 'S seg¬ 
ment current, and nsEG's the number of “on” segments. It 
is recommended that if the device is to be operated at ele¬ 
vated temperatures the segment current be limited by use 
of the BRighTness input to keep power dissipation within 
the limits described above. 
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—VdD (LEO ANODES) 

BRIGHTNESS 
PIN 5 
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Figure 7: Brightness controi 


INPUT CONFIGURATIONS AND 
OUTPUT CODES 

The standard devices in the ICM7211/12 family accept a 
four-bit true binary (ie, positive level = logical one) input at 
pins 27 thru 30, least significant bit at pin 27 ascending to 
the most significant bit at pin 30. The ICM7211, ICM7211M, 
ICM7212, and ICM7212M devices decode this binary input 
into a seven-segment alphanumeric hexadecimal output, 
while the ICM7211A, ICM7211AM, ICM7212A, and 
ICM7212AM decode the binary input into the same seven- 
segment output as in the ICM7218 “Code B”, ie 0-9, dash, 
E. H, L, P, blank. These codes are shown explicitly In Table 
1. Either decoder option will correctly decode true BCD to a 
seven-segment decimal output. 


TABLE 1: Output Codes 


1 BINARY 

HEXADECIMAL 

ICM7211 

ICM7211M 

CODEB 

ICM7211A 

ICM7212AM 

B3 

B2 

B1 

BO 

0 

0 

0 

0 

0 

n 

0 

0 

0 

1 

! 

1 

0 

0 

1 

0 

p 

p 

0 

0 

1 

1 

3 

D 

0 

1 

0 

0 

1 

y 

0 

1 

0 

1 

j 

D 

0 

1 

1 

0 

o 

s 

0 

1 

1 

1 

■' 


1 

0 

0 

0 

o 

s 

1 

0 

0 

1 

y 

o 

1 

0 

1 

0 

n 

- 

1 

0 

1 

1 

F 

c 

1 

1 

0 

0 


H 

1 

1 

0 

1 

1 

o 


1 

1 

1 

0. 

f 


1 

1 


Li. 

c 

(BLANK) 
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These devices are actually mask-programmable to pro¬ 
vide any 16 combinations of the seven segment outputs 
decoded from the four input bits. For large quantity orders 
custom decoder options can be arranged. Contact the fac¬ 
tory for details. 

The ICM7211, ICM7211A, ICM7212, and ICM7212A de¬ 
vices are designed to accept multiplexed binary or BCD in¬ 
put. These devices provide four separate digit lines (least 


significant digit at pin 31 ascending to most significant digit 
at pin 34), each of which when taken to a positive level 
decodes and stores in the output latches of its respective 
digit the character corresponding to the data at the input 
port, pins 27 through 30. 

The ICM7211M, ICM7211AM, ICM7212M, and 
ICM7212AM devices are intended to accept data from a 
data bus under processor control. 

In these devices, the four data input bits and the two-bit 
digit address (DAI pin 31, DA2 pin 32) are writ ten in to input 
buffe r latches when both chip select Inputs (CS1 pin 33, 
CS2 pin 34) are taken low. On the rising edge of either chip 
select input, the content of the data input latches is decod¬ 
ed and stored in the output latches of the digit selected by 
the contents of the digit address latches. 

An address of 00 writes into D4, DA2 = 0, DAI = 1 writes 
into D3, DA2 = 1, DAI = 0 writes into D2, and 11 writes into 
D1. The timing relationships for Inputting data are shown In 
Figure 5, and the chip select pulse widths and data setup 
and hold times are specified under Operating Characteris¬ 
tics. 


a 



d 


0364-20 

Figure 8: Segment Assignment 


APPLICATIONS 
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ICM7218 

8-Digit LED 

Multiplexed Display Driver 

GENERAL DESCRIPTION 

The ICM7218 series of universal LED driver systems pro¬ 
vide, in a single package, all the circuitry necessary to inter¬ 
face most common microprocessors or digital systems to 
an LED display. Included on chip are an 8-byte static display 
memory, 2 types of 7-segment decoders, multiplex scan cir¬ 
cuitry, and high current digit and segment drivers for either 
common-cathode or common-anode displays. 

The I CM7218A and ICM7218B feature 2 control lines 
(WRITE and MODE) which write either 4 bits of control in- 
formati on (DAT A COMING, SHUTDOWN,DECODE, and 
HEXA/CODE B) or 8 bits of display input data. Display data 
is automatically sequenced in to the 8 -byte internal memory 
on successive positive going WRITE pulses. Data may be 
displayed either directly or decoded in Hexadecimal or 
Code B formats. 

The ICM7218C and ICM7218D feature 2 control lines 
(WRITE and HEXA/CODE B/SHUTDOWN), 4 separate dis¬ 
play data input lines, and 3 digit address lines. Display data 
is written into the inter nal mem ory by setting up a digit ad¬ 
dress and strobing the WRITE line low. Only Hexadecimal 
and Code B formats are available for display outputs. 

The ICM7218E provides 4 input lines for control informa¬ 
tion (WRITE, HEXA/CODE B, DECODE and SHUTDOWN), 
8 separate display data input lines, and 3 digit address lines. 
Display data is written into the int ernal me mory by setting up 
a digit address and strobing the WRITE line. Data may be 
displayed either directly or decoded in Hexadecimal or 
Code B formats. 



FEATURES 

• Microprocessor Compatible — C, D, E Versions 

• Total Circuit Integration On Chip Includes: 

a) Digit and Segment Drivers 

b) All Multiplex Scan Circuitry 

c) 8 Byte Static Display Memory 

d) 7 Segment Hexadecimal and Code B Decoders 

(Pin Selectable) 

• Output Drive Suitable for Large LED Displays 

• Common Anode and Common Cathode Versions 

• Single 5 Volt Supply Required 

• Data Retention to 2 Volts Supply 

• Shutdown Feature — Turns Off Display and Puts 
Chip into Low Power Dissipation Mode 

• Sequential and Random Access Versions 

• Decimal Point Drive On Each Digit 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7218AIJI 

-40"Cto +85"C 

28-PIN CERDIP 

ICM7218BIJI 

-40“Cto +85“C 

28-PIN CERDIP 

ICM7218CIJI 

-40"Cto +85"C 

28-PIN CERDIP 

ICM7218DIJI 

-40“Cto +85“C 

28-PIN CERDIP 

ICM7218EIJL 

-40“Cto +85‘’C 

40-PIN CERDIP 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vqq-V ss).6V Power Dissipation (28 Pin CERDIP) .1 W (Note 2) 

Digit Output Current. 300mA Power Dissipation (40 Pin CERDIP) .1 W (Note 2) 

Segment Output Current.50mA Operating Temperature Range .-40^0 to H-SS^C 

Input Voltage Storage Temperature Range.- 65“C to +150®C 

(any terminal).Vss-0.3V to Vdd +0.3V Lead Temperature (Soldering, 10sec) . 300“C 

(Note 1) 

NOTE 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than Vqq or less 
than Vss msy cause destructive device latchup. For this reason it is recommended that no inputs from sources operating on a different power supply be 
applied to the device before its own supply is established, and when using multiple supply systems the supply to the ICM7218 should be turned on first. 
2: These limits refer to the package and will not be obtained during normal operation. Derate above 50“C by 25mW per “C. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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* Note: Pins 5,6,7,10 are under control of Mode pin 9. 


Figure 2: Pin Configurations 
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ELECTRICAL CHARACTERISTICS Vdd= 5V, Vss= ov, Ta =25*0, Display Diode drop= 1 JV 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

VSUPPLY 

Supply Voltage Range 

Operating 


4 


6 

V 



Power Down Mode 


2 


6 

V 

•q 

Quiescent Supply Current 

Shutdown (Note 3) 

6 


300 

jixA 


Operating Supply Current 

Common Anode SEGS On 




2.5 

mA 



SEGSOff 

Outputs 



500 

jLtA 



Common Cathode SEGS On 

Open Circuit 



700 

ftA 



SEGSOff 




500 

jliA 



Note 4 




IHi 


Idig 

Digit Drive Current 

Common Anode Vout=V dd " 

2.0V 

140 

200 


mA 



Common Cathode Vout=Vss + -OV 

50 

100 


mA 

•dlk 

Digit Leakage Current 

Shutdown Mode 

Common Anode Vout=2V 




100 

jaA 



Common Cathode Vout=5V 




100 

fxA 

iSEG 

Peak Segment Drive Current 

Common Anode Vout=Vss +1 -OV 

20 

40 

■ 

mA 



Common Cathode Vout=V dd 

-2.0V 

-10 

-20 

■ 

mA 

•SLK 

Segment Leakage Current 

Shutdown Mode 

Common Anode Vout=V dd 





fxA 



Common Cathode Vout=Vss 




100 

ju,A 

^MUX 

Display Scan Rate 

Per Digit 



Bi 

Hz 


Three Level Input: Pin 9 ICM7218C/D 







VlH 

Logical “1 ” Input Voltage 

Hexadecimal 


4.5 



V 

V|F 

Floating input 

Code B 


2.0 


3.0 

V 

V|L 

Logical “0” Input Voltage 

Shutdown 




0.4 

V 

Z|N 

Three Level Input Impedance 

Note 3 





kn 

V|H 

Logical “1” Input Voltage 




iH 


V 

VlL 

Logical “0” Input Voltage 



m 



V 


Write Pulse Width (Low) 

7218A. B 



mi 

ns 

tWL 

Write Pulse Width (Low) 

7218C, D, E 

400 


mi 

ns 

tMH 

Mode Hold Time 

7218A, B 

150 


mi 

ns 

tMS 

Mode Set Up Time 

7218A. B 

500 


mi 

ns 

tDS 

Data Set Up Time 


500 


mi 

ns 

tDH 

Data Hold Time 

7218 A,B 


50 


■ 

ns 



7218C,D,E 


125 


■ 

ns 

tAS 

Digit Address Set Up Time 

ICM7218C, D. E 


500 


■ 

ns 

tAH 

Digital Address Hold Time 

ICM7218C, D, E 


0 



ns 

Z|N 

Data Input Impedance 

5-10 pF Gate Capacitance 


1010 


1^391 
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TABLE 1: INPUT DEFINITIONS ICM7218A and B 


Input 

Terminal 

Logic 

Levei 

Function 

WRITE 

8 

High 

Low 

Input Not Loaded Into Memory 

Input Loaded Into Memory 

MODE 

9 

High 

Low 

Load Control bits on Write Pulse 

Load Input Data on Write Pulse 

ID4 SHUTDOWN 

MODE 

High 

10 

High 

Low 

Normal Operation 

Shutdown (Oscillator, Decoder and Display Disabled) 

IDS (DECODE) 

6 

High 

Low 

No Decode 

Decode 

ID6 (HEXA/CODE B) 

5 

High 

Low 

Hexadecimal Decoding 

Code B Decoding 

ID7 (DATA COMING) 

7 

High 

Low 

. 1 Control Word 

No Data Coming J 

ID0-ID7 

MODE 

Low 

11,12,13,14, 

5,6,10,7 


Display Data Inputs (Notes 4, 5) 


TABLE 2: INPUT DEFINITIONS ICM7218C and D 


input 

Terminal 

Logic 

Levei 

Function 

WRITE 

8 

High 

Input Not Loaded Into Memory 



Low 

Input Loaded Into Memory 


9 

High 

Hexadecimal Decoding 



Floating 

Code B Decoding 

HEXA/CODE B/SHUTDOWN 

(Note 3) 

Low 

Shutdown (Oscillator, Decoder and Display Disabled) 

DAO -DA2 

10,6,5 


Digit Address Inputs 

IDO -ID3 

14,13,11,12 


Display Data Inputs 

ID (INPUT dp:) 

7 


Decimal Point Input 


NOTE 3: In the ICM7218C and D (random access versions) the HEXA/CODE B/SHUTDOWN Input (Pin 9) has internal biasing resistors to hold it at Vdd/ 2 when 
Pin 9 is open circuited. These resistors consume power and result in a quiscent supply current (Iq) of typically 50ju,A. 

The ICM7218A, B, and E devices do not have these biasing resistors and thus are not subject to this condition. 

4: ID0-ID3 = Don’t care when writing control data 
ID4-ID6 = Don’t care when writing Hex/Code B data 
ID7 = Decimal Point data 

(The display blanks on ICM7218A/B versions when writing in data) 

5: In the No Decode format, “Ones” represents “on” segments for all inputs except for the Decimal Point, where “Zero” represents an “on” segment, (i.e. 

segments are positive true, decimal point is negative true). 

6: Common Anode segment drivers and Common Cathode Digit Drivers have 20kft pullup resistors. 
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TABLE 3: INPUT DEFINITIONS ICM7218E 


Input 

Terminal 

Logic 

Level 

Function 

WRITE 

9 

High 

Low 

Input Latches Not Updated 

Input Latches Updated 

SHUTDOWN 

10 

High 

Low 

Normal Operation 

Shutdown (Oscillator, Decoder and Displays 
Disabled) 

DECODE 

33 

High 

Low 

No Decode 

Decode 

HEXA/CODE B 

32 

High 

Low 

Code B Decoding 

Hexadecimal Decoding 

DAO - DA2 

Digit Address (0,1,2) 

13,14,12 


Digit Address Inputs 

IDO - ID6 

ID7 (INPUT dp:) 

17,16,18,19,11,7,6 

8 


Display Data Inputs (Note 5) 

Display Data/Decimal Point Input 
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The 7 segment decoder on chip is disabled when direct 
segment information is to be written. In this format, the in¬ 
puts directly control the outputs as follows: 

Input Data: ID7 ID6 IDS ID4 ID3 ID2 ID1 IDO 

Output Segments: DP. a bee g f d 

Here, “Ones” represent “on” segments for all inputs ex¬ 
cept the Decimal Point. For the Decimal Point “zero” repre¬ 
sents an “on” segment. 

HEXAdecimal/CODE B Decoding 

For all products, a choice of either HEXA or Code B de¬ 
coding may be made, HEXA decoding provides 7 segment 
numeric plus six alpha characters while Code B provides a 
negative sign (-), a blank (for leading zero blanking), cer¬ 
tain useful alpha characters and all numeric formats. 

The four bit binary code is set up on inputs iD3-ID0, and 
decimal point data is set up on ID7. 


Decimal 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

HEXA CODE 
CODEB 

0123456789A b C d EF 
0123456789 - E H L P (BLANK) 


SHUTDOWN 

SHUTDOWN performs several functions: it puts the de¬ 
vice into a very low dissipation mode (typically lOjmA at 
Vdd = 5V), turns off both the digit and segment drivers, and 
stops the multiplex scan oscillator (this Is the only way the 
scan oscillator can be disabled). However, it is still possible 
to input data to the memory during shutdown — only the 
display output sections of the device are disabled in this 
mode. 

Powerdown 

In the Shutdown Mode, the supply voltage may be re¬ 
duced to 2 volts without data in memory being lost. Howev¬ 
er, data should not be written into memory If the supply 
voltage is less than 4 volts. 

Output Drive 

The common anode output drive is approximately 200 mA 
per digit at a 12% duty cycle. With segment peak drive cur¬ 
rent of 40mA typically, this results in 5mA average drive. 
The common cathode drive capability is approximately one 
half that of the common anode drive. If high impedance 
LED displays are used, the drive current will be correspond¬ 
ingly less. 

Inter Digit Blanking 

A blanking time of approximately lOfts occurs between 
digit strobes. This ensures that the segment information is 
correct before the next digit drive, thereby avoiding display 
ghosting. 


Driving Larger Displays 

If a higher average drive current per digit is required, it is 
possible to connect digit drive outputs together. For exam¬ 
ple, by paralleling pairs of digit drives together to drive a 4 
digit display, 5mA average segment drive current can be 
obtained. 

Power Dissipation Considerations 

Assuming common anode drive at Vdd= 5 volts and all 
digits on with an average of 5 segments driven per digit, the 
average current would be approximately 200mA. Assuming 
a 1.8 volt drop across the LED display, there will be a 3.2 
volt drop across the ICM7218. The device power dissipation 
will therefore be 640mW, rising to about 900mW, for all 
‘8’ ’s displayed. Caution: Position device in system such 
that air can fiow freeiy to provide maximum cooiing. 
The common cathode dissipation is approximately one 
half that of the common anode dissipation. 

Sequential Addressing Considerations 
(ICM7218A/B) 

The control instru ctions a re read from the Input bus lines 
if MODE is high and WRITE low. The instructions occur on 4 
lines and are — DECO DE/no Decode, type of Decode (if 
desired), SHUTDOWN/no Shutdown and DATA COMING/ 
not Coming. After the control word has been written (with 
the Data Coming instruction), display data can be written 
into memory with each successive negative going WRITE 
pulse. After all 8 digit memory locatio ns have been written 
to, additional transitions of the WRITE input are ignored un¬ 
til a new control word is written. It is not possible to change 
one individual digit without refreshing the data for all the 
other digits. 

Random Access Input Drive 
Considerations (ICM7218C/D/E) 

Control instructions are provided to the ICM7218C/D by a 
single three level in put term inal (Pin 9), which operates in¬ 
dependently of the WRITE pulse. The ICM7218E control 
instructions are also independent but are on three separate 
pins (10, 32, 33). 

Data can be written into memory on the ICM7218C/D/E 
by setting up a 3 bit binary code (one of eight) on the digit 
address inputs and applying a low level to the WRITE pin. 
For example, it is possible to change only digit 7 without 
altering the data for the other digits. (See Figure 7). 

Supply Capacitor 

A O.ljaF capacitor is recommended between Vdd and 
Vss to bypass multiplex noise. 
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COHTROL WORD 
TYPE OP DECODER? IDS 
DECODE/NO DECODE? IDS 
SHUTDOWN? 104 
DATA COMING 107 


CONTROL WORD 
TYPE OP DECODER? IDS 
OECOOE/NO DECODE? IDS 
SHUTDOWN? 104 
DATA NOT COMING 107 


Figure 6: Load Sequence ICM7218A/B 


0365-10 


Diorr 

ADDRESS 

DAO-OAZ 


WRITE 


DATA 



0365-11 

Figure 7: Timing Diagram for iCM7218C/D/E 
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TYPICAL PERFORMANCE CHARACTERISTICS 


COMMON ANODE SEG. DRIVER 



0 1 2 s 
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COMMON ANODE SEG. DRIVER 



0 12 2 
VOOT (VOLTS) 
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COMMON CATHODE DIGIT DRIVER 



0 12 3 

VouT (VOLTS) 

0365-17 


COMMON CATHODE SEG. DRIVER 



0 12 3 

VdO • VoUT (VOLTS) 
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COMMON ANODE DIGIT DRIVER 

•dig vs- (Vdd-Vqut) 



VdO-Vout (VOLTS) 

0365-16 

COMMON CATHODE DIGIT DRIVER 



0 12 3 

VouT (VOLTS) 

0365-19 



Figure 10:8 Digit Microprocessor Dispiay 
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APPLICATION EXAMPLES 
8 DIGIT MICROPROCESSOR DISPLAY 
APPLICATION 

Figure 10 shows a display interface using the 1CM7218A/ 
B with an 8048 family microcontroller. The 8 bit data bus 
(DB0/DB7-ID0/ID7) transfers control and d ata info rmation 
to the 7218 display interface on successive WRITE pulses. 
The MODE input to the 7218 is connected to one of the I/O 
port pins on the microcontroller. When MODE is high a con¬ 
trol word is transferred; when MODE is low data is trans- 
fered. Sequential locations in the 8-byte static m emory are 
automati cally loa ded on each successive WRITE pulse. Af¬ 
ter eight WRITE pulses have occurred, further pulses are 
ignored until a new control word is transferred. (See Figure 
6). This also allows writing to other peripheral devices with¬ 
out disturbing the ICM7218A/B. 

16 DIGIT MICROPROCESSOR DISPLAY 

In this application (see Figure 11), both ICM7218’s are 
addressed simultaneously with a 3 bit word, DA2-DA0. Dis¬ 


play data from the 8048 I/O bus (DB7-DB0) is transferred to 
both ICM7218’s simultaneously. 

The display digits from both ICM7218’s are Interleaved to 
allow adjacent pairs of digits to be loaded simultaneously 
from a single 8 bit data bus. 

Decimal point Information Is supplied to the ICM7218’s 
from the processor on port lines P26 and P27. 

NO DECODE APPLICATION 

The ICM7218 can also be used as a microprocessor 
based LED status panel driver. The microprocessor select¬ 
ed control word must include “No Decode” and “Data 
Coming”. The processor writes “Ones” and “Zeroes” into 
the ICM7218 which in turn directly drives appropriate dis¬ 
crete LEDs. LED indicators can be red or green (8 seg¬ 
ments X8 digits=64 dots -^-2 per red or green =32 chan¬ 
nels). 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ICM7228 

8-Digit LED Muitipiexed 
Dispiay Driver 

GENERAL DESCRIPTION 

The ICM7228 series of universal LED driver systems pro¬ 
vide, in a single package, all the circuitry necessary to inter¬ 
face most common microprocessors or digital systems to 
an LED display. Included on chip are an 8-byte static dispiay 
memory, 2 types of 7-segment decoders, multiplex scan cir¬ 
cuitry, and high current digit and segment drivers for either 
common-cathode or common-anode displays. 

The I CM7228A and ICM7228B feature 2 control lines 
(WRITE and MODE) which write either 4 bits of control in- 
formati on (DAT A COMING, SHUTDOWN, DECODE, and 
HEXA/CODE B) or 8 bits of display input data. Display data 
Is automatically sequenced in to the 8 -byte internal memory 
on successive positive going WRITE pulses. Data may be 
displayed either directly or decoded In Hexadecimal or 
Code B formats. 

The ICM7228C and ICM7228D feature 2 control lines 
(WRITE and HEXA/CODE B/SHUTDOWN), 4 separate dis¬ 
play data input lines, and 3 digit address lines. Dispiay data 
Is written Into the inter nal mem ory by setting up a digit ad¬ 
dress and strobing the WRITE line low. Only Hexadecimal 
and Code B formats are available for display outputs. 



FEATURES 

• Microprocessor Compatible 

• Total Circuit Integration On Chip Includes: 

(a) Digit and Segment Drivers 

(b) All Multiplex Scan Circuitry 

(c) 8 Byte Static Display Memory 

(d) 7 Segment Hexadecimal and Code B Decoders 
(Pin Selectable) 

• Output Drive Suitable for Large LED Displays 

• Common Anode and Common Cathode Versions 

• Single 5V Supply Required 

• Data Retention to 2V Suppiy 

• Shutdown Feature—Turns Off Display and Puts Chip 
into Low Power Dissipation Mode 

• Sequential and Random Access Versions 

• Decimal Point Drive On Each Digit 

• Non-Overlapping Digit Strobe 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7228AIJI 

-40“Cto +85“C 

28-Pin OERDIP 

ICM7228BIJI 

-40*0 to +85*C 

28-Pin OERDIP 

ICM7228CIJI 

-40*010 +85*0 

28-Pin OERDIP 

ICM7228DIJI 

-40*0 to +85*0 

28-Pin OERDIP 

ICM7228AIPI 

-40*0 to +85*0 

28-Pin Plastic DIP 

ICM7228BIPI 

-40*0 to +85*0 

28-Pln Plastic DIP 

ICM7228CIPI 

-40*0 to +85*0 

28-Pin Plastic DIP 

ICM7228DIPI 

-40*0 to +85*0 

28-Pln Plastic DIP 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 202820-001 
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ICM7228 

ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vqd-Vss) . 6V 

Digit Output Current.500 mA 

Segment Output Current.100 mA 

Input Voltage 

(any terminal) ... (Vss “ 0-3V) to (Vqd + 0.3V) (Note 1) 

Power Dissipation .1.5W (Note 2) 

Operating Temperature Range.-40“C to +85*C 

Storage Temperature Range.-65“C to + 150®C 

Lead Temperature (Soldering, 10 sec).300®C 



NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


NOTE 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than Vqd or less 
than Vss may cause destructive device latchup. For this reason It is recommended that no inputs from sources operating on a different power supply be 
applied to the device before its own supply is established, and when using multiple supply systems the supply to the ICM728 should be turned on first. 

2: These limits refer to the package and will not be obtained during normal operation. Derate above 50°C by 25 mW per “C. 


ICM7228A, iCM7228B 


ICM7228C, ICM7228D 


IDO-107 

INPUT 

DATA 


i 


104-107 

CONTROL 

INPUTS 


MOOE WRITE 


OECOOE 


HEXA/COOE B 


100-103 

HEXAOECIMAL/ 107 
COPE B/ OATA 
SHUTOOWN INPUT 

sL 


CONTROL 

LOGIC 


SHUTOOWN 


8BYTE 

STATIC 

RAM 


HEXAOECIMAL/ 
‘H COOE B 
OECODER 


OECOOE/ 

NO-OECOOE 


OECIMAL 

POINT 


WRITE ADDRESS 
COUNTER 


IT 


READ 

ADDRESS, DIGIT 
MULTIPLEXER 




MULTIPLEX 

OSCILLATOR 


1 


THREE LEVEL 
INPUT LOGIC 


8BYTE 

STATIC 

RAM 


HEXADECIMAL/ 
CODE B 
DECODER 


INTEROIGIT 

BLANKING 


DECIMAL 

POINT 


DAO-OA2 

_ DIGIT 

WRITE ADDRESS 
1 


SHUTDOWN 


WRITE 

ADDRESS 

DECODER 


READ 

ADDRESS 

MULTIPLEXER 


MULTIPLEX 

OSCILLATOR 


INTEROIGIT 

BLANKING 


8 SEGMENT 


8 DIGIT 


8 SEGMENT 


8 DIGIT 

DRIVERS 


DRIVERS 


DRIVERS 


DRIVERS 


Figure 1: Functional Diagrams 
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ELECTRICAL CHARACTERISTICS VpD = s.ov ±10%, Vss = ov 


Symbol 

Parameter 

Test Conditions 

Ta = 25 »c 

-40“C ^ Ta ^ +85“C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

VSUPPLY 

Supply Voltage Range 

Operating 

4 


6 

4 


6 

D 

Power Down Mode 

2 



2 



Iq 

Quiescent Supply 
Current 

Shutdown, 7228A, 7228B 


1 

100 


1 

100 

jllA 

Shutdown, 7228C, 7228D 


2.5 

100 


2.5 


Idd 

Operating Supply 
Current 

Common Anode 

Segments = ON 

Outputs = OPEN 


200 

450 


200 



Common Anode 

Segments = OFF 

Outputs = OPEN 


100 

450 


100 

450 

Common Cathode 

Segments = ON 

Outputs = OPEN 


250 

450 


250 


Common Cathode 

Segments = OFF 

Outputs = OPEN 


175 

450 


175 


Idig 

Digit Drive 

Current 

Common Anode 

VouT = Vdd - 2.0V 

200 



175 



mA 

Common Cathode 

VouT = Vss + 1-OV 

50 



40 



Idlk 

Digit Leakage 

Current 

Shutdown Mode 

Common Anode VouT = 2.0V 


1 

100 


1 

100 

fxA 

Shutdown Mode 

Common Cathode VouT = 5.0V 


1 

100 


1 


ISEG 

Peak Segment 

Drive Current 

Common Anode 

VoUT = Vss + 1.0V 

20 

25 


20 


■ 

H 

Common Cathode 

VouT = Vdd ~ 2.0V 

10 

12 


10 


■ 

ISLK 

Segment Leakage 
Current 

Shutdown Mode 

Common Anode Vout = Vdd 


1 

50 


1 

50 

jxA 

Shutdown Mode 

Common Cathode Vqut = Vss 


1 

50 


1 

lllllllliyi 

l|L 

Input Leakage 

Current 

All Inputs Except Pin 9 

7228C, 7228D V|n = Vss 



1 



a 

n 

All Inputs Except Pin 9 

7228C, 7228D V|n = 5.0V 



-1 



B 

^MUX 

Display Scan Rate 

Per Digit 

125 

150 


80 



8 

t|DB 

Inter-Digit 

Blanking Time 


2 

10 


2 




V|NH 

Logical “1” Input 
Voltage 

Three Level Input: Pin 9 

7228C, 7228D Hexadecimal 

Vdd = 5V 

4.2 



4.2 



V 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ELECTRICAL CHARACTERISTICS Vqd = 5 .ov ± 10 %, Vss = ov (Continued) 


Symbol 

Parameter 

Test Conditions 

Ta = 25“C 

-40X ^ Ta ^ +85X 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

VlNF 

Floating Input 

Three Level Input: Pin 9 
7228C, 7228D Code B 

Vdd = 5V 

2.0 


3.0 

2.0 


3.0 

V 


Logical “0” Input 
Voltage 

Three Level Input: Pin 9 
7228C, 7228D Shutdown 
Vdd = 5V 



0.8 



0.8 

V 


Three Level Input 
Impedance 

Vcc = 5V 

Pin 9 of 7228C & 7228D 

50 



50 



kn 


Logical “1” Input 
Voltage 

All Inputs Except 

Pin 9 of 7228C. 7228D 

Vdd = 5V 

2.0 



2.0 



V 


Logical “0” Input 
Voltage 



0.8 



0.8 


AC ELECTRICAL CHARACTERISTICS ypp = sv ± 10 %, V|l = o.4V, V|h = 2.4V 


Symboi 

Parameter 

Test Conditions 

Ta = 25X 

-40X ^ Ta ^ +85X 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tWL 

Write Pulsewidth (Low) 


200 

100 


250 



ns 

tWH 

Write Pulsewidth (High) 


850 

540 


1200 



ns 

tMH 

Mode Hold Time 

7228A, 7228B 

0 

-65 


0 



ns 

tMS 

Mode Setup Time 

7228A, 7228B 

250 

150 


250 



ns 

tDS 

Data Setup Time 


250 

160 


250 



ns 

tDH 

Data Hold Time 

7228A, 7228B 

0 

-60 


0 



ns 

7228C, 7228D 

0 

-60 


0 



ns 

tAS 

Digit Address 

Setup Time 

7228C, 7228D 

250 

110 


250 



ns 

tAH 

Digit Address 

Hold Time 

7228C, 7228D 

0 

-60 


0 






INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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TABLE 1: INPUT DEFINITIONS ICM7228A AND B 


Input 

Terminal 

Logic 

Level 

Function 

WRITE 

8 

High 

Low 

Input Not Loaded into Memory 

Input Loaded into Memory 

MODE 

9 

High 

Low 

Load Control Bits on Write Pulse 

Load Input Data on Write Pulse 

ID4 SHUTDOWN 

MODE 

High 

10 

High 

Low 

Normal Operation 

Shutdown (Oscillator, Decoder and Display Disabled) 

IDS (DECODE) 

6 

High 

Low 

No Decode 

Decode 

IDS (HEXA/CODE B) 

5 

High 

Low 

Hexadecimal Decoding 

Code B Decoding 

ID7 (DATA COMING) 

7 

High 

Low 

Data Coming | control Word 

No Data Coming J 

ID0-ID7 

MODE 

Low 

11,12,13,14, 

5, 6,10,7 


Display Data Inputs (Notes 4,5) 


TABLE 2: INPUT DEFINITIONS ICM7228C AND D 


Input 

Terminal 

Logic 

Levei 

Function 

WRITE 

8 

High 

Input Not Loaded into Memory 



Low 

Input Loaded into Memory 

HEXA/CODE B/SHUTDOWN 

9 

High 

Hexadecimal Decoding 



Floating 

Code B Decoding 


(Note 3) 

Low 

Shutdown (Oscillator, Decoder and Display Disabled) 

DA0-DA2 

10, 6,5 


Digit Address Inputs 

ID0-ID3 

14,13,11,12 


Display Data Inputs 

ID7 (Input dp:) 

7 


Decimal Point Input 


NOTE 3: In the iCM7228C and D (random access versions) the HEXA/CODE B/SHUTDOWN Input (Pin 9) has internal biasing resistors to hold it at Vqd/2 when 
Pin 9 is open circuited. These resistors consume power and result in a quiescent supply current (Iq) of typically 50 juA. 

The ICM7228A, B devices do not have these biasing resistors and thus are not subject to this condition. 


4: iD0-ID3 = Don’t care when writing control data 
ID4-ID6 = Don’t care when writing Hex/Code B data 
ID7 = Decimal point data 

(The display blanks on ICM7228A/B versions when writing in data) 

5: In the No Decode format, “Ones” represent “on” segments for all inputs except for the Decimal Point where “Zero” represents an “on” segment (i.e., 
segments are positive true, decimal point is negative true). 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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INTERNAL OSC. 
OUTPUT 


500,*8 TYP. 

~ FREE RUNNING (PER DIGIT) 


Figure 3: Multiplex Timing 




0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


0123456789A b C d E 


0123456789 - EHLP (Blank) 


DETAILED DESCRIPTION 
DECODE Operation 

For the ICM7228A/B products, there are 3 input data for¬ 
mats possible; either direct segment and decimal point in¬ 
formation (8 bits per digit) or two Binary code plus decimal 
point information (Hexadecimal/Code B formats with 5 bits 
per digit). 

The 7 segment decoder on chip is disabled when direct 
segment information is to be written. In this format, the in¬ 
puts directly control the outputs as follows; 

Input Data: ID7 ID6 IDS ID4 ID3 ID2 ID1 IDO 

Output Segments: D.P. a b c e g f d 

Here, “Ones” represent “on” segments for all Inputs ex¬ 
cept the Decimal Point. For the Decimal Point “Zero” repre¬ 
sents an “on” segment. 

HEXAdecimal/CODE B Decoding 

For all products, a choice of either HEXA or Code B de¬ 
coding may be made, HEXA decoding provides 7 segment 
numeric plus six alpha characters while Code B provides a 
negative sign (-), a blank (for leading zero blanking), cer¬ 
tain useful alpha characters and all numeric formats. 

The four bit binary code is set up on inputs ID3-ID0, and 
decimal point data is set up on ID7. 


SHUTDOWN 

SHUTDOWN performs several functions: It puts the de¬ 
vice into a very low dissipation mode (typically 1 juA at 
Vdd = 5V), turns off both the digit and segment drivers, 
and stops the multiplex scan oscillator (this is the only way 
the scan oscillator can be disabled). However, It is still pos¬ 
sible to input data to the memory during shutdown — only 
the display output sections of the device are disabled in this 
mode. 

Powerdown 

In the Shutdown Mode, the supply voltage may be re¬ 
duced to 2 volts without data in memory being lost. Howev¬ 
er, data should not be written into memory if the supply 
voltage Is less than 4 volts. 

Output Drive 

The common anode output drive is approximately 200 mA 
per digit at a 12% duty cycle. With segment peak drive cur¬ 
rent of 40 mA typically, this results in 5 mA average drive. 
The common cathode drive capability is approximately one 
half that of the common anode drive. If high impedance 
LED displays are used, the drive current will be correspond¬ 
ingly less. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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Inter Digit Blanking 

A blanking time of 2 fis minimum, 10 fis typical occurs 
between digit strobes. This ensures that the segment infor¬ 
mation is correct before the next digit drive, thereby avoid¬ 
ing display ghosting. 

Driving Larger Displays 

If a higher average drive current per digit is required, it is 
possible to connect digit drive outputs together. For exam¬ 
ple, by paralleling pairs of digit drives together to drive a 4 
digit display. 

Power Dissipation Considerations 

Assuming common anode drive at Vdd = 5 volts and all 
digits on with an average of 5 segments driven per digit, the 
average current would be approximately 200 mA. Assuming 
a 1.8 volt drop across the LED display, there will be a 3.2 
volt drop across the ICM7228. The device power dissipation 
will therefore be 640 mW, rising to about 900 mW, for all 
“8”s displayed. Caution: Position device in system such that 
air can flow freely to provide maximum cooling. The com¬ 
mon cathode dissipation is approximately one half that of 
the common anode dissipation. 


Sequential Addressing Considerations 
(ICM7228A/B) 

The control instru ctions a re read from the input bus lines 
if MODE Is high a nd WRITE low. The instructions occur on 4 
lines and are — DECO DE/no Decode, type of Decode (if 
desired), SHUTDOWN/no Shutdown and DATA COMING/ 
not Coming. After the control word has been written (with 
the Data Coming Instruction), display data can be written 
into memory with each successive negative going WRITE 
pulse. After all 8 digit memory locatio ns have been written 
to, additional transitions of the WRITE input are ignored un¬ 
til a new control word is written. It is not possible to change 
one individual digit without refreshing the data for all the 
other digits. 

Random Access input Drive 
Considerations (iCM7228C/D) 

Control instructions are provided to the ICM7228C/D by a 
single three level i nput term inal (Pin 9), which operates in¬ 
dependently of the WRITE pulse. 

Data can be written into memory on the ICM7228C/D by 
setting up a 3 bit binary code (one of eight) on the digit 
address inputs and applying a low level to the WRITE pin. 
For example, It is possible to change only digit 7 without 
altering the data for the other digits. (See Figure 7.) 


Supply Capacitor 

A 0.1 jaF capacitor is recommended between Vqd and 
Vss to bypass multiplex noise. 



**-*"’*— 

tmh 

MODE ^ 

_ 


— twi—^ 

--twh-^ 

WRITE 

4 -tds-► ” 

V 

tdh 

INPUT DATA 

( VALID ] 



Figure 5: Timing Diagram for ICM7228A/B 
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CONTROL WORD 
TYPE OF DECODER? ID6 
DECODE/NO DECODE? IDS 
SHUTDOWN? ID4 
DATA COMING ID7 


/ -WRITE DATA- DON'T CARE \ 

/ 8 PULSES \ 

' mil o i-wuow _\ 


CONTROL WORD 
TYPE OF DECODER? ID6 
DECODE/NO DECODE? IDS 
SHUTDOWN? ID4 
DATA NOT COMING ID7 


Figure 6: Load Sequence ICM7228A/B 


DIGIT 

ADDRESS 

DAODAZ 



Figure 7: Timing Diagram for ICM7228C/D 
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TYPICAL PERFORMANCE CHARACTERISTICS 



'^OUT (VOLTS) 


VSEG (VOLTS) 


0086-12 

Common Anode Digit Driver 
Idi6 vs (Vdd-Vout) ® Ta “C 


0086-13 

Common Cathode Segment Driver 
isEG vs (Vdd-Vout) ®Ta'’C 



0 1.0 2.0 3.0 4.0 5.0 


''SEG (VOLTS) 

Common Anode Segment Driver 
ISEG VS VouT ® Ta °C 



Common Cathode Digit Driver 
IdigvsVout®Ta'C 
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APPLICATION EXAMPLES 

8 Digit Microprocessor Display 
Application 

Figure 10 shows a display interface using the ICM7228A/ 
B with an 8048 family microcontroller. The 8 bit data bus 
(DB0/DB7-ID0/ID7) transfers control and d ata info rmation 
to the 7228 display interface on successive WRITE pulses. 
The MODE input to the 7228 is connected to one of the I/O 
port pins on the microcontroller. When MODE is high a con¬ 
trol word is transferred; when MODE is low data Is trans¬ 
ferred. Sequential locations in the 8-byte static m emory are 
automati cally loa ded on each successive WRITE pulse. Af¬ 
ter eight WRITE pulses have occurred, further pulses are 
ignored until a new control word is transferred (see Figure 
6). This also allows writing to other peripheral devices with¬ 
out disturbing the ICM7228A/B. 

16 Digit Microprocessor Display 

In this application (see Figure 11), both ICM7228’s are 
addressed simultaneously with a 3 bit word, DA2-DA0. 


Display data from the 8048 I/O bus (DB7-DB0) is trans¬ 
ferred to both ICM7228’s simultaneously. 

The display digits from both ICM7228’s are interleaved to 
allow adjacent pairs of digits to be loaded simultaneously 
from a single 8 bit data bus. 

Decimal point information is supplied to the ICM7228’s 
from the processor on port lines P26 and P27. 

No Decode Application 

The ICM7228 can also be used as a microprocessor 
based LED status panel driver. The microprocessor select¬ 
ed control word must include “No Decode” and “Data 
Coming”. The processor writes “Ones” and “Zeroes” into 
the ICM7228 which in turn directly drives appropriate dis¬ 
crete LEDs. LED indicators can be red or green (8 seg¬ 
ments X 8 digits = 64 dots -^2 per red or green = 32 
channels). 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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ICM7231-ICM7233 

Numeric/Alphanumeric Triplexed 
LCD Display Driver 



GENERAL DESCRIPTION 

The ICM7231-7233 family of integrated circuits are de¬ 
signed to generate the voltage levels and switching wave¬ 
forms required to drive triplexed liquid-crystal displays. 
These chips also include input buffer and digit address de¬ 
coding circuitry allowing six bits of input data to be decoded 
into 64 independent combinations of the output segments 
of the selected digit. 

The family is designed to interface to modern high per¬ 
formance microprocessors and microcomputers and ease 
system requirements for ROM space and CPU time needed 
to service a display. 


ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

ICM7231AFIJL 

-25“Cto +85“C 

40 pin CERDIP 

ICM7231AFIPL 

-25“Cto +85“C 

40 pin PLASTIC Dip 

ICM7231BFIJL 

-25°Cto +85"C 

40 pin CERDIP 


-25“Cto +85"C 

40 pin PLASTIC Dip 

ICM7231CFIJL 

-25°Cto +85“C 

40 pin CERDIP 

ICM7231CFIPL 

-25°Cto +85"C 

40 pin PLASTIC Dip 

ICM7232AFIJL 

-25'’Cto +85“C 

40 pin CERDIP 

ICM7232AFIPL 

-25°Cto +85“C 

40 pin PLASTIC Dip 

ICM7232BFIJL 

-25“Cto +85“C 

40 pin CERDIP 

ICM7232BFIPL 

-25"Cto +85“C 

40 pin PLASTIC Dip 


FEATURES 

• ICM7231: Drives 8 Digits of 7 Segments With Two 
Independent Annunciators Per Digit Address and 
Data Input in Parallel Format 

• ICM7232: Drives 10 Digits of 7 Segments With Two 
Independent Annunciators Per Digit Address and 
Data Input in Serial Format 

• ICM7233: Drives 4 Characters of 18 Segments 
Address and Data Input in Parallel Format 

• All Signals Required to Drive Rows and Columns of 
Triplexed LCD Display Are Provided 

• Display Voltage Independent of Power Supply 

• On-Chip Oscillator Provides Ail Display Timing 

• Total Power Consumption Typically 200jnW, 
Maximum SOOjixW at 5V 

• Low-Power Shutdown Mode Retains Data With 5jaW 
Typical Power Consumption at 5V, IjaW at 2V 

• Direct Interface to High-Speed Microprocessors 


Part Number 

Temperature 

Range 

Package 

ICM7232CRIJL 

-25“Cto +85X 

40 pin CERDIP 

ICM7232CRIPL 

-25‘’CtO H-OS^C 

40 pin PLASTIC Dip 

ICM7233AEV/KIT 


Evaluation Kit. 

ICM7233AFIJL 

-25”Cto +85‘’C 

40 pin CERDIP 

ICM7233AFIPL 

-25“Cto +85°C 

40 pin PLASTIC Dip 

ICM7233BFIPL 

-25“Cto +85°C 

40 pin PLASTIC Dip 

ICM7233BFIJL 

-25“Cto +85“C 

40 pin CERDIP 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 203299-003 
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Figure 1: ICM7231 Functional Diagram 
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Figure 2: iCM7232 Functional Diagram 
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Figure 3: ICM7233 Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd - Vss) .6.5V Power DissipationlU .0.5W @ 70®C 

Input Voltage[2] . Vss-0.3^V|n^ 6.5 Operating Temperature Range .-25*Cto+85®C 

Display Voltage[2] .-0.3 :^Vdisp^+ 0.3 Storage Temperature Range.-eS^Cto+150*C 

Lead Temperature (Soldering, 10sec) . 300®C 

Notes: 1. This limit refers to that of the package and will not be obtained during normal operation. 

2. Due to the SCR structure inherent in these devices, connecting any display terminal or the display voltage terminal to a voltage outside the power supply 
to the chip may cause destructive device latchup. The digital inputs should never be connected to a voltage less than -0.3 volts below ground, but may 
be connected to voltages above Vdd but not more than 6.5 volts above Vss- 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operationai sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliabiiity. 



ELECTRICAL CHARACTERISTICS (V+=5V±i0%.Vss=0V.TA=-25°cto +85°c unless otherwise 
specified) 


Symbol 

Parameter 

Test Conditions/Description 

EJji 

BSi 

K£9I 

Units 

Vdd 

Power Supply Voltage 



MM 

HH 

V 

Vdd 

Data Retention Supply Voltage 

Guaranteed Retention at 2V 

2 

1.6 


V 

m 

Logic Supply Current 

Current from Vqd to Ground excluding 
Display. Vdisp=2V 


30 


fiA 


Shutdown Total Current 

Vdisp Pin 2 Open 


1 

B 

fjiA 

VdISP 

Display Voltage Range 

Vss^Vdisp^Vqd 

0 


Vdd 

V 

Idisp 

Display Voltage Setup 

Current 

Vdisp == 2V Current from Vqd to 

Vdisp On-Chip 




fiA 


Display Voltage Setup Resistor Value 

One of Three Identical Resistors in String 

40 

H 


kft 

■eh 

DC Component of Display Signals 

(Sample Test only) 


■■ 

1 

% (Vdd - Vdisp) 


Display Frame Rate 

See Figure 6 


IEH 

120 

Hz 

V|L 

Input Low Level 

ICM7231, ICM7233 



0.8 

V 

V|H 

Input High Level 

Pins 30-35,37-39,1 

2.0 



V 

IBHi 

Input Leakage 

ICM7232. 


mm 

1 

^A 

IHSIH 

Input Capacitance 

Pins 1,38,39 (Note 1) 


5 


PF 

VoL 

Output Low Level 

Pin 37, ICM7232, loL=1mA, 



0.4 

v 

VOH 

Output High Level 

Vdd = 4.5V, loH=-500ju,A 

4.1 



V 

Top 

Operating Temperature Range 

Industrial Range 



+ 85 

“C 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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AC CHARACTERISTICS (Vdd=5V±io% Vss=ov,-20 °csTas+85”C) 

PARALLEL INPUT (ICM7231, ICM7233) See Figure 14 



Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

tcs 

Chip Select Pulse Width 

(Note 1) 

500 

350 


ns 

tds 

Address/Data Setup Time 

(Note 1) 

200 



ns 

tdh 

Address/Data Hold Time 

(Note 1) 

0 

-20 


ns 

^ics 

Inter-Chip Select Time 

(Notel) 

3 



juiS 


SERIAL INPUT (ICM7232) See Figures 15,16 


Symboi 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

td 

Data Clock Low Time 

(Note 1) 

350 



ns 

tcl 

Data Clock High Time 

(Note 1) 

350 



ns 

tds 

Data Setup Time 

(Note 1) 




ns 

tdh 

Data Hold Time 

(Note 1) 

0 

-20 


ns 

Wp 

Write Pulse Width 

(Note 1) 




ns 

twII 

Write Pulse to Clock at Initialization 

(Note 1) 

1.5 



flS 

todi 

Data Accepted Low Output Delay 

(Note 1) 




ns 

todh 

Data Accepted High Output Delay 

(Note 1) 


1.5 

3 

juts 

ISHii 

Write Delay After Last Clock 

(Note 1) 




ns 


NOTE 1: For design reference only, not 100% tested. 


TABLE OF FEATURES 


Type Number 

Output Code 

Annunciator 

Locations 

input 

Output 


Hexadecimal 

Both Annunciators 
on COM3 

Parallel Entry 

4 bit Data 

2 bit Annunciators 

3 bit Address 

8 Digits 
plus 

16 Annunciators 

fKSSSStHI^ 

Code B 

ICM7231CF 

Code B 

1 Annunciator COM 1 

1 Annunciator COM3 

ICM7232AF 

Hexadecimal 

Both Annunciators 
on COM3 

Serial Entry 

4 bit Data 

2 bit Annunciators 

4 bit Address 

10 Digits 
plus 

20 Annunciators 

ICM7232B 

Code B 

ICM7232CR 

Code B 

1 Annunciator COM1 

1 Annunciator COM3 

ICM7233AF 

64 Character 
(ASCII) 

18 Segment 
(Half width numbers) 

No independent 
Annunciators 

Parallel Entry 

6 bit (ASCII) Data 

2 bit Address 

Four 

Characters 

ICM7233BF 

64 Character 
(ASCII) 

18 Segment 
(Full width numbers) 

No Independent 
Annunciators 

Parallel Entry 

6 bit (ASCII) Data 

2 bit Address 

Four 

Characters 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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TERMINAL DEFINITIONS 

ICM7231 PARALLEL INPUT NUMERIC DISPLAY 


Terminal 

Pin 

No. 

Description 

Function 

AN1 

AN2 

30 

31 

Annunciator 1 Control Bit 

Annunciator 2 Control Bit 

High = ON 

Low=OFF See T able 3 

BDO 

BD1 

BD2 

BD3 

32 

33 

34 

35 

Least Significant ' 

Most Significant . 

4 Bit Binary 

Data Inputs 

Input 

Data 

(See Table 1) 

HIGH = Logical One (1) 
LOW = Logical Zero (0) 

AO 

A1 

A2 

37 

38 

39 

Least Significant 

Most Significant 

3 Bit Digit 

Address Inputs 

Input 

Address 
(See Table 2) 


1 

Data Input Strobe/Chip Select (Note 3) 

Trailing (Positive going) edge latches data, 
causes data input to be decoded and sent 
out to addressed digit 


NOTE: 3. CS has a special" mid-level" sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent triggering of this mode can be 
avoided by pulling it high when inactive, or ensuring frequent activity. 

ICM7233 PARALLEL INPUT ALPHA DISPLAY 


Hill 

Pin 

No. 

Description 

Function 

DO 

30 

Least Significant ^ 




D1 

31 



Input 


D2 

D3 

32 

33 


6 Bit (ASCII) 

Data 


D4 

34 


Data Inputs 

See 

HIGH = Logical One (1) 

D5 

35 

Most Significant > 


Table 4 

LOW = Logical Zero (0) 

AO 

37 

Least Significant \ 


Input Add. 


A1 

38 

Most Significant J 


See Table 5 


C^ 

39 

Chip Select Inputs 


Both inputs LOW load data into input 

CS2 

1 

(Note 4) 


latches. Rising edge of either input causes 





data to be latched, decoded and sent out 





to addressed character. 


NOTE 4: CS1 has a special “mid-level” sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent triggering of this mode can be 
avoided either by pulling it high when inactive, or ensuring frequent activity. 

ICM7232 SERIAL DATA AND ADDRESS INPUT 


Terminal 

Pin 

No. 

Description 

Function 


38 

Data+Address Shift Register Input 

HIGH = Logical One (1) 

LOW = Logical Zero (0) 

WRITE Input 

39 

Decode, Output, and Reset Strobe 

When DATA ACCEPTED Output is LOW, positive 
going edge of WRITE causes data in shift register 
to be decoded and sent to addressed digit, then 
shift register and control logic to be reset. When 

DATA ACCEPTED Output is HIGH, positive going 
edgw of WRITE triggers reset only. 

Data Clock 

Input 

1 

Data Shift Register and Control 

Logic Clock 

Positive going edge advances data in shift register. 
ICM7232: Eleventh edge resets shift register and 
control logic. 



Handshake Output 

Output LOW when correct number of bits entered 
into shift register; ICM7232 8, 9 or 10 bits 
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ALL DEVICES 


Terminal 

Pin 

No. 

Description 

Function 

Display 

Voltage Vqisp 

2 

Negative end of on-chip resistor 
string used to generate intermediate 
voltage levels for display. Shutdown Input. 

Display voltage control. When open (or less than 

IV from Vdd chip is shutdown; oscillator stops, all 
display pins to Vdd- 

Common 

Line Driver 
Outputs 

3,4,5 


Drive display commons, or rows. 

Segment 

Line Driver 
Outputs 

6-29 

6-35 

(On ICM7231/33) 

(On ICM7232) 

Drive display segments, or columns. 

Vdd 

40 

Chip Positive Supply 


Vss 

36 

Chip Negative Supply 



ICM7231 FAMILY DESCRIPTION 

The ICM7231 drives displays with 8 seven-segment digits 
with two independent annunciators per digit, accepting six 
data bits and three digit address bits from parallel inputs 
controlled by a chip select input. The data bits are subdivid¬ 
ed into four binary code bits and two annunciator control 
bits. 

The ICM7232 drives 10 seven-segment digits with two 
independent annunciators per digit. To write into the dis¬ 
play, six bits of data and four bits of digit address are 
clocked serially into a shift register, then decoded and writ¬ 
ten to the display. 

The ICM7233 has a parallel input structure similar to the 
ICM7231, but the decoding and the outputs are organized 
to drive four 18-segment alphanumeric characters. The six 
data bits represent a 6-bit ASCII code. 

Input levels are TTL compatible, and the DATA ACCEPT¬ 
ED output on the serial input devices will drive one LSTTL 
load. The intermediate voltage levels necessary to drive the 
display properly are generated by an on-chip resistor string, 
and the output of a totally self-contained on-chip oscillator 
is used to generate all display timing. All devices in this 
family have been fabricated using Intersil’s MAXCMOS® 
process and all inputs are protected against static dis¬ 
charge. 

TRIPLEXED (1/3 MULTIPLEXED) 

LIQUID CRYSTAL DISPLAYS 

Figure 5 shows the connection diagram for a typical 7- 
segment display font with two annunciators such as would 
be used with an ICM7231 or ICM7232 numeric display driv¬ 
er. Figure 6 shows the voltage waveforms of the common 
lines and one segment line, chosen for this example to be 
the “Y” segment line. This line intersects with COM1 to 
form the “a” segment, COM2 to form the “g” segment and 
COM3 to form the “d” segment. Figure 6 also shows the 
waveform of the “Y” segment line for four different ON/ 
OFF combinations of the “a”, “g” and “d” segments. Each 
intersection (segment or annunciator) acts as a capacitance 
from segment line to common line, shown schematically in 
Figure 7. Figure 8 shows the voltage across the “g” seg¬ 


ment for the same four combinations of ON/OFF segments 
in Figure 6. 

The degree of polarization of the liquid crystal material 
and thus the contrast of any intersection depends on the 
RMS voltage across the intersection capacitance. Note 
from Figure 8 that the RMS OFF voltage is always Vp/3 and 
that the RMS ON voltage is always 1.92 Vp/3. 

For a 1 /3 multiplexed LCD, the ratio of RMS ON to OFF 
voltages is fixed at 1.92, achieving adequate display con¬ 
trast with this ratio of applied RMS voltage makes some 
demands on the liquid crystal material used. 

Figure 9 shows the curve of contrast versus applied RMS 
voltage for a liquid crystal material tailored for Vp=3.1V, a 
typical value for Vs-multiplexed displays in calculators. Note 
that the RMS OFF voltage Vp/3~1V is just below the 
“threshold” voltage where contrast begins to increase. This 
places the RMS ON voltage at 2.1V, which provides about 
85% contrast when viewed straight on. 

All members of the ICM7231/ICM7233 family use an in¬ 
ternal resistor string of three equal value resistors to gener¬ 
ate the voltages used to drive the display. One end of the 
string is connected on the chip to Vqd and the other end 
(user input) is available at pin 2 (Vpisp) on each chip. This 
allows the display voltage input (Vpisp) to be optimized for 
the particular liquid crystal material used. Remember that 
Vp=Vdd — Vdisp and should be three times the threshold 
voltage of the liquid crystal material used. Also it is very 
important that pin 2 never be driven below Vss- This can 
cause device latchup and destruction of the chip. 
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Figure 6: Display Voltage Waveforms 


NOTE: <(>i, (l>2, ( 
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Figure 8: Voltage Waveforms on 
Segment g(Vg) 
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NOTE; 4>i, 4>2, <f> 3 -COMMON HIGH WITH RESPECT TO SEG¬ 
MENT. 

4>1’. 4>2-. 4 > 3 -- COMMON LOW WITH RESPECT TO SEG¬ 
MENT. 

COM 1 ACTIVE DURING <f>i AND 4)i- 
COM 2 ACTIVE DURING <(>2 AND <l> 2 ' 

COM 3 ACTIVE DURING <{>3 AND (J> 3 - 
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APPLIED VOLTAGE (Vrms) 
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Figure 9: Contrast vs. Applied RMS Voltage 



TEMPERATURE EFFECTS AND 
TEMPERATURE COMPENSATION 

The performance of the 1C material is affected by temper¬ 
ature in two ways. The response time of the display to 
changes in applied RMS voltage gets longer as the display 
temperature drops. At very low temperatures (-20'’C) some 
displays may take several seconds to change a new char¬ 
acter after the new information appears at the outputs. 
However, for most applications above 0“C this will not be a 
problem with available multiplexed LCD materials, and for 
low-temperature applications, high-speed liquid crystal ma¬ 
terials are available. One high temperature effect to consid¬ 
er deals with plastic materials used to make the polarizer. 


Some polarizers become soft at high temperatures and per¬ 
manently lose their polarizing ability, thereby seriously de¬ 
grading display contrast. Some displays also use sealing 
materials unsuitable for high temperature use. Thus, when 
specifying displays the following must be kept in mind: liquid 
crystal material, polarizer, and seal materials. 

A more important effect of temperature is the variation of 
threshold voltage. For typical liquid crystal materials suit¬ 
able for multiplexing, the peak voltage has a temperature 
coefficient of -7 to -14 mV/“C. This means that as tem¬ 
perature rises, the threshold voltage goes down. Assuming 
a fixed value for Vp, when the threshold voltage drops be¬ 
low Vp/3 OFF segments begin to be visible. Figure 10 
shows the temperature dependence of peak voltage for the 
same liquid crystal material of Figure 9. 

For applications where the display temperature does not 
vary widely, Vp may be set at a fixed voltage chosen to 
make the RMS OFF voltage, Vp/3, just below the threshold 
voltage at the highest temperature expected. This will pre¬ 
vent OFF segments turning ON at high temperature (this at 
the cost of reduced contrast for ON segments at low tem¬ 
peratures). 

For applications where the display temperature may vary 
to wider extremes, the display voltage Vpisp (and thus Vp) 
may require temperature compensation to maintain suffi¬ 
cient contrast without OFF segments becoming visible. 

DISPLAY VOLTAGE AND 
TEMPERATURE COMPENSATION 

These circuits allow control of the display peak voltage by 
bringing the bottom of the voltage divider resistor string out 
at pin 2. The simplest means for generating a display volt¬ 
age suitable to a particular display is to connect a potenti¬ 
ometer from pin 2 to Vss as shown in Figure 11. A potenti¬ 
ometer with a maximum value of 200 kft should give suffi¬ 
cient range of adjustment to suit most displays. This method 
for generating display voltage should be used only in appli¬ 
cations where the temperature of the chip and display won’t 
vary more than tS^C (±9“F), as the resistors on the chip 
have a positive temperature coefficient, which will tend to 
increase the display peak voltage with an increase in tem¬ 
perature. The display voltage also depends on the power 
supply voltage, leading to tighter tolerances for wider tem- 
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Figure 12(a) shows another method of setting up a dis¬ 
play voltage using five silicon diodes in series. These di¬ 
odes, 1N914 or equivalent, will each have a forward drop of 
approximately 0.65V, with approximately 20juiA flowing 
through them at room temperature. Thus, 5 diodes will give 
3.25V, suitable for a 3V display using the material properties 
shown In Figures 9 and 10. For higher voltage displays, 
more diodes may be added. This circuit provides reason¬ 
able temperature compensation, as each diode has a nega¬ 
tive temperature coefficient of -2 mV/^C; five in series 
gives -10 mV/“C, not far from optimum for the material 
described. 

The disadvantage of the diodes in series is that only inte¬ 
gral multiples of the diode voltage can be achieved. The 
diode voltage multiplier circuit shown in Figure 12(b) allows 
fine-tuning the display voltage by means of the potentiome¬ 
ter; it likewise provides temperature compensation since the 
temperature coefficient of the transistor base-emitter junc¬ 
tion (about -2 mV/^C) is also multipled. The transistor 
should have a beta of at least 100 with a collector current of 
10 ju,A. The inexpensive 2N2222 shown in the figure Is a 
suitable device. 
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Figure 14: Parallel Input Timing 
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Figure 15: ICM7232 One Digit Input Timing Diagram, Writing Both Annunciators 


For battery operation, where the display voltage Is gener¬ 
ally the same as the battery voltage (usually 3-4.5V), the 
chip may be operated at the display voltage, with Vpisp 
connected to Vss- The inputs of the chip are designed such 
that they may be driven above Vdd without damaging the 
chip. This allows, for example, the chip and display to oper¬ 
ate at a regulated 3V, and a microprocessor driving its in¬ 
puts to operate with a less well controlled 5V supply. (The 
inputs should not be driven more than 6.5V above GND 
under any circumstances.) This also allows temperature 
compensation with the ICL7663, as shown in Figure 13. 
This circuit allows Independent adjustment of both voltage 
and temperature compensation. 


DESCRIPTION OF OPERATION 
PARALLEL INPUT OF DATA AND ADDRESS 
(ICM7231, ICM7233) 

The parallel input structure of the ICM7231 and ICM7233 
devices is organized to allow simple, direct interfacing to all 
microprocessors, (see functional diagrams Figures 1 and 3). 
In the ICM7231, address and data bits are written into the 
input latches on the rising edge of the Chip Select input. In 
the ICM7233, the two Chip Selects are equivalent; when 
both are low, the latches are transparent and the data is 
latched on the rising edge of either Chip Select. 
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Figure 16: ICM7232 input Timing Diagram, Leaving Both Annunciators Off 


The rising edge of the Chip Select also triggers an on- 
chip pulse which enables the address decoder and latches 
the decoded data into the addressed digit/character out¬ 
puts. The timing requirements for the parallel Input devices 
are shown in Figure 14, with the values for setup, hold, and 
pulse width times shown in the AC Characteristics section. 
Note that there is a minimum time between Chip Select 
pulses; this is to allow sufficient time for the on-chip enable 
pulse to decay, and ensures that new data doesn’t appear 
at the decoder inputs before the decoded data is written to 
the outputs. 

SERIAL INPUT OF DATA AND ADDRESS 
(ICM7232) 

The ICM7232 trades six pins used as data inputs on the 
ICM7231 and ICM7233 for six more segment lines, allowing 
two more 9-segment digits. This is done at the cost of ease 
in interfacing, and requires that data and address informa¬ 
tion be entered serially. Refer to functional diagram. Figure 
2 and timing diagrams, Figures 15 and 16. The Interface 
consist s of four pins: DATA Input, DATA CLOCK Input, 
WRITE Input and DATA ACCEPTED Output. The data pres¬ 
ent at the DATA Input is clocked into a shift register on the 
rising edge of the DATA CLOCK Input signal, and when the 
correct number of bits has been shifted into the shift regis¬ 
ter (8 in the ICM7232), the DATA ACCEPTED Output goes 
low. Following this, a low-going pulse at the WRITE input 
will trigger the chip to decode the data and store it in the 
output latches of the addressed digit/character. After the 
data is latched at the outputs, the shift register and the con¬ 
trol logic are reset, returning the DAT A ACCE PTED Output 
high. After this occurs, a pulse at the WRITE input will not 


change the outputs, but will reset the control logic and shift 
register, assuring that each data bit will be entered Into the 
correct position in the shift register depending on subse¬ 
quent DATA CLOCK inputs. 

The shift register and control logic will also be reset if too 
many DATA CLOCK INPUT edges are received; this pre¬ 
vents incorrect data from being decoded. In the ICM7232, 
the eleventh clock resets the shift register and control logic. 

The recommended procedure for entering data Is shown 
In the serial input timing diagra m. Figur e 15. First, when 
DATA ACCEPTED is high, send a WRITE pulse. This resets 
the shift register and control logic and initializes the chip for 
the data input sequence. Next clock in the appropriate num¬ 
ber of correct data and address bits. The DATA ACCEPTED 
Output may be monitored if desired, to determine when the 
chip is ready to output the decoded data. When the correct 
number of bits has been ent ered, an d the DATA ACCEPT¬ 
ED Output is low, a pulse at WRITE will cause the data to 
be decoded and stored In the latches of the addressed dig¬ 
it/character. The shift register and control logic are reset, 
causing DATA ACCEPTED to return high, and leaving the 
chip ready to accept data for the next digit/character. 

Note that for the ICM7232 the eleventh clock resets the 
shift register and control logic, but the DATA ACCEPTED 
Output goes low after the eighth clock. This allows the user 
to abbreviate the data to eight bits, which will write the cor¬ 
rect character to the 7-segment display, but will leave the 
annunciators off, as shown in Figure 16. 

If only AN2 Is to be turned on, nine bits are clocked in; if 
AN1 is to be turned on, all ten bits are used. 
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The DATA ACCEPTED Output will drive one low-power 
Schottky TTL Input, and has equal current drive capability 
pulling high or low. 

Note that in the serial input devices, it is possible to ad¬ 
dress digits/characters which don’t exist. As shown in Ta¬ 
bles 2 and 5, w hen an incorrect address is applied together 
with a WRITE pulse, none of the outputs will be changed. 
DISPLAY FONTS AND OUTPUT CODES 

The standard versions of the ICM7231 and ICM7232 
chips are programmed to drive a 7-segment display plus 
two annunciators per digit. See Table 3 for annunciator in¬ 
put controls. 

The “A” and “B” suffix chips place both annunciators on 
COM3. The display connections for one digit of this display 
are shown in Figure 17. The “A” devices decode the input 
data into a hexadecimal 7-segment output, while the “B” 
devices supply Code B outputs (see Table 1). 

The “C” devices place the left hand annunciator on 
COM1 (AN2) and the right hand annunciator (usually a deci¬ 
mal point) on COM3 (AN1). (See Figure 18). The “C” devic¬ 
es provide only a “Code B” output for the 7-segments. 

The ICM7233 is supplied in “A” and “B” versions. Both 
versions decode an ASCII 6-bit subset to an 18-segment 
display, with 16 “flag” segments and two “dots”. The “A” 
devices have numbers which are half width and the “B” 
devices have full width numbers. The layout for a single 
character is shown in Figure 19 with output decoding shown 
in Table 4. 

TABLE 1. BINARY DATA DECODING (ICM7231/32) 


CODE 

INPUT 

OISPLAY 

OUTPUT 

BO 

3 

BD 

2 

BO 

1 

BO 

0 

HEX 

COOE 

B 

0 

0 

0 

0 

n 

IJ 

ri 

ij 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

0 

II 

c 


0 

0 

1 


3 



0 

1 

0 

0 

II 

1 

•j 

1 

0 

1 

0 

1 

*3 

c 

J 

0 

1 

1 

0 

o 

c 

LI 

0 

1 

1 

1 

*"i 

1 

3 

1 

1 

0 

0 

0 

O 

IJ 

C« 

1 1 

1 

0 

0 

1 

Cj 

3 

1 

0 

1 

0 

o 

1 1 

- 

1 

0 

1 

1 

u 

u 
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1 

0 

0 

r 

i_ 

U 

II 

1 

1 

0 

1 

C* 

1 

1 

1 

1 

0 

c 

i_ 

i3 

1 

1 

1 

1 

1“ 

BLANK 
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TABLE 2. ADDRESS DECODING (ICM7231/32) 


Code Input 

Display 

Output 

ICM7232 

Only 

A3 

A2 

A1 

AO 

Digit 

Seiected 

0 

0 

0 

0 

D1 

0 

0 

0 

1 

D2 

0 

0 

1 

0 

D3 

0 

0 

1 

1 

D4 

0 

1 

0 

0 

D5 

0 

1 

0 

1 

D6 

0 

1 

1 

0 

D7 

0 

1 

1 

1 

D8 

1 

0 

0 

0 

D9 

1 

0 

0 

1 

DIO 

1 

0 

1 

0 

NONE 

1 

0 

1 

1 

NONE 

1 

1 

0 

0 

NONE 

1 

1 

0 

1 

NONE 

1 

1 

1 

0 

NONE 

1 

1 

1 

1 

NONE 


TABLE 3. ANNUNCIATOR DECODING 


COOE 

INPUT 

OISPLAY OUTPUT 

AN 

2 

AN 

1 

ICM7231 A/B 
ICM7232 A/B 
BOTH 

ANNUNCIATORS 
ON COM 3 

ICM7231C 

ICM7232C 

LH 

ANNUNCIATOR 
COM 1 

RH 

ANNUNCIATOR 

COM3 

0 

0 

8 

Cl 

1 1 

0 

1 

8 

8 

1 

0 

0. 

■Q 

IJ 

1 

1 

o 

.IJ. 

.|_i 

IJ. 
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EVALUATION KITS 

After purchasing a sample of the ICM7231/32/33, the 
majority of users will want to build a sample display. The 
parts can then be evaluated against the data sheet specifi¬ 
cations, and tried out in the intended application. However, 
locating and purchasing even the small number of addition¬ 
al components required, then wiring a breadboard, can of¬ 
ten cause delays of days or sometimes weeks. To avoid this 
problem and facilitate evaluation of these unique circuits, 
Intersil is offering kits which contain all the necessary com¬ 
ponents to build 8 character displays. With the help of such 
a kit, an engineer or technician can have the system “up 
and running” In about half an hour. 

The ICM7233EV/KIT contains the appropriate ICs, a cir¬ 
cuit board, a Multiplexed LCD display 16/18 segment, pas¬ 
sive components, and miscellaneous hardware. 




SEGMENT LINE CONNECTIONS 


COMMON LINE CONNECTIONS 

BOTH ANNUNCIATORS 
ON COMMON #3 
(AT BOTTOM OF CHARACTER) 
("A" AND "B" SUFFIX VERSIONS) 


Figure 17: ICM7231 and iCM7232 
Display Fonts (“A” and “B” Suffix Versions) 






SEGMENT LINE CONNECTIONS COMMON LINE CONNECTIONS 

LH ANNUNCIATOR ON COMMON #1 (TOP) (AN 2) 

RH ANNUNCIATOR ON COMMON #3 (BOTTOM) (AN 1) 
"C" SUFFIX DEVICES 

•ANNUNCIATORS CAN BE: [ST5p1 , [fifl] , A, 4 -ARROWS 
THAT POINT TO INFORMATION PRINTED AROUND THE DISPLAY 
OPENING, ETC., WHATEVER THE DESIGNER CHOOSES TO INCORPORATE 
IN THE LIQUID CRYSTAL DISPLAY. 


Figure 18: ICM7231 and ICM7232 Display 
Fonts (“C” Suffix Versions) 




SEGMENT LINE CONNECTIONS 


COMMON LINE CONNECTIONS 


Figure 19: ICM7233 Display Font (18-Segment 
Alphanumeric) 
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COMPATIBLE DISPLAYS 

Compatible displays are manufactured by: 

G.E. Displays Inc., Beechwood, Ohio 
(216)831-8100 (#356E3R99HJ) 

Epson America Inc., Torrance CA 
(Model Numbers LDB726/7/8). 

Seiko Instruments USA Inc., Torrance CA 
(Custom Displays) 

Crystaloid, Hudson, OH 

TABLE 4. DATA DECODING 6-BIT ASCII 18 SEGMENT 
(ICM7233) 


CODE INPUT 

OISPLAY OUTPUT 






05, 04 

nr 


03 

02 

01 

00 

0,0 
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nr 
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TABLE 5. ADDRESS DECODING (ICM7233) 


Code 

Input 

Digit 

Selected 

A1 

AO 


0 

0 

D1 

0 

1 

D2 

1 

0 

D3 

1 

1 

D4 

0 

0 

D5 

0 

1 

NONE 

1 

0 

NONE 

1 

1 

NONE 
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TYPICAL APPLICATIONS 


MICROCOMPUTER 
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•PULL-UP RECOMMENOEO ON CS1. SEE NOTE 3. 


Figure 20:8048/IM80C48 Microcomputer with 8 Character 16 Segment 
ASCil Triplex Liquid Crystal Display. 

The two bit character address is merged with the data and written to the display driver 
under the control of the WR line. Port lines are used to either select the target driver, 
or deselect aii of them for other bus operations. 



■r ROM-I/O-TIMER 


Figure 21: MC6802 Microprocessor with 16 Character 16 Segment 
ASCII Liquid Crystal Display. 

The peripheral device provides ROM and Timer functions in addition to port line control of the display bank. 
Individual character locations are addressed via the address bus. Note that VMA is not decoded on these 
lines, which could cause problems with the TST instruction. 
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Figure 22: EPROM-Coded Message System. 

This circuit cycies through a message coded in the EPROM, pausing at the end of each iine, 

or whenever coded on Qq. 
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Figure 23:10MHz Frequency/Period Pointer with LCD Dispiay. 

The annunciators show function and the decimai points indicate the range of the current operation. The 
system can be efficiently battery operated. 



13 


Figure 24: ‘‘Forward” Pin Orientation and Display Connections 
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Figure 25: “Reverse” Pin Orientation and Display Connections 



Figure 26: 


‘Forward” Die Pad Orientation and Typical Triplex 
Alphanumeric Display Connections 
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ICM7243 

8-Character LED 

juP-Compatible Display Driver 

GENERAL DESCRIPTION 

The ICM7243 is an 8-character alphanumeric display driv¬ 
er and controller which provides all the circuitry required to 
interface a microprocessor or digital system to a 14- or 16- 
segment display. It is primarily intended for use in micro¬ 
processor systems, where it minimizes hardware and soft¬ 
ware overhead. Incorporated on-chip are a 64-character 
ASCII decoder, 8x6 memory, high power character and 
segment drivers, and the multiplex scan circuitry. 

Six-bit ASCII data to be displayed is written into the mem¬ 
ory directly from the microprocessor data bus. Data location 
depends upon the selection of either Serial (MODE = 1) or 
Random (MODE = 0). In the Serial Access mode the first 
entry is stored in the lowest location and displayed in the 
“left-most” character position. Each subsequent entry Is au¬ 
tomatically stored in the next higher location and displayed 
to the immediate “right” of the previous entry. A DISPlay 
FULL signal is provide d after 8 entries; this signal can be 
used for cascading. A CLeaR pin is provided to clear the 
memory and reset the location counter. The Random Ac¬ 
cess mode allows the processor to select the memory ad¬ 
dress and display digit for each input word. 

The character multiplex scan runs whenever data is not 
being entered. It scans the memory and CHARacter drivers, 
and ensures that the decoding from memory to display is 
done in the proper sequence. Intercharacter blanking is pro¬ 
vided to avoid display ghosting. 



FEATURES 

•14- and 16-Segment Fonts With Decimal Point 

• Mask Programmable For Other Font-Sets Up to 64 
Characters 

• Microprocessor Compatible 

• Directly Drives Small Common Cathode Displays 

• Cascadable Without Additional Hardware 

• Standby Feature Turns Display Off; Puts Chip in Low 
Power Mode 

• Serial Entry or Random Entry of Data into Display 

• Single + 5V Operation 

• Character and Segment Drivers, All MUX Scan 
Circuitry, 8X6 Static Memory and 64-Character ASCII 
Font Generator Included On-Chip 

ORDERING INFORMATION 


Part 

Number 

Temperature Range 

Package 

ICM7243A1JL 

-20“Cto + 85“C 

CERDIP 

ICM7243BIJL 

-20“Cto +86‘‘C 

CERDIP 

ICM7243B EV/KIT 


ICM7243AIPL 

- 20*^0 to +86“C 

PLASTIC 

ICM7243BIPL 

-20^CXO +85'*C 

PLASTIC 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd“Vss) .6V Operating Temperature Range (I).-25"C to +85®C 

CHARacter Output Current . 300mA Storage Temperature Range.-55®Cto+125®C 

SEGment Output Current .30mA Lead Temperature (Soldering, 10sec) . 300®C 

Input Voltage (Any Terminal) .. (Vdd + 0.3V) to (Vss“0.3V) 

Power Dissipation.1W 

NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


DATA INRUT 
Do-s 



CL 

. 0 ADDRESS 


01 8x6 

DATA 00- 
MEMORY 
CLR 

CL ADR 


64x 17* 

'7 

ROM 

/ 


V SEGMENT OUTPUTS 
^SEGx 


CL 

0 







a 









DRIVERS 


V CKARn 

/ CHARACTER OUTPUTS 


> EN 

SERIAL 

ADDRESS 

COUNTER 

> CLR 


ADDRESS 

MULTIPLEXER 

AND 

DECODER 


* ICMmSA HAS ONLY ONE CS AND 
NO CS. ICM7243B HAS 1S SEGMENTS 


MULTIPLEX I 
OSCILLATOR I 


CHARACTER 

MULTIPLEX 

COUNTER 


INTER CHARACTER BLANKING 


Figure 2: Functional Diagram 


DC ELECTRICAL CHARACTERISTICS (Vdd=5V,Vss=0V,Ta= 25‘’C unless otherwise stated) 


Limits 
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DC ELECTRICAL CHARACTERISTICS (Vdd=5V,Vss=o\/,Ta=25“C unlessotherwisestated) 
(Continued) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

H9S9I 

CHARacter Drive Current 

VsUPP = 5V, Vqut = 1V 





J|||||||||R!fQ|||||^ 

CHARacter Leakage Current 





juiA 

ISEG 

SEGment Drive Current 

Vsupp = 5V, Vqut = 2.5V 

14 



mA 


SEGment Leakage Current 



0.01 

10 

jiiA 

VoL 

Display FULL Output Low 

IOL=1-6mA 



0.4 

V 

VOH 

Display FULL Output High 

IlH = 10OjixA 

2.4 



V 

^ds 

Display Scan Rate 







AC ELECTRICAL CHARACTERISTICS (Drive levels 0.4V and 2.4V, timing measured at 0.8V and 2.0V. 
Vdd = 5V, Ta= 25”C unless otherwise stated). 



Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

tWPI 

WR, CLeaR Pulse Width Low 


300 

250 


ns 

tWPH 

WR, CLeaR Pulse Width High (Note 1) 



250 


^DH 

Data Hold Time 


0 

-100 


tos 

Data Setup Time 



150 


BUHHi 

Address Hold Time 


125 




Address Setup Time 


40 

15 



CS, CS Setup Time 


0 



tj 

Pulse Transition Time 




100 

tSEN 

SEN Setup Time 


0 

-25 


tWDF 

Display Full Delay 


700 

480 



CAPACITANCE 


Symbol 

Test 

Min 

Typ 

Max 

Units 

C|N 

Input Capacitance (Note 2) 


5 


PF 

Co 

Output Capacitance (Note 2) 


5 


PF 


NOTES: 1. In Serial mode WR high must be S:Tsen "•'Twdf- *Not tested. (Guaranteed) 

2. For design reference only, not 100% tested. 


TYPICAL PERFORMANCE CHARACTERISTICS 


SEGment Current vs Output Voltage 



0 12 3 

SEGment Voltage (V) 
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CHARacter Current vs Output Voltage 



0 12 3 

CHARacter Voltage (V) 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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ICM7243A/B DISPLAY FONT AND SEGMENT ASSIGNMENTS 

Note; Some display manufacturers use different designations for some of the segments. Check data sheets carefully. 
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Figure 3: ICM7243A 16-Segment 
Character Font with Decimai Point 


Figure 5: Segment and Character 
Drivers Output Circuit 


NOTE: Segments a and d appear as 2 segments each, but both halves 
are driven together. 

Figure 4: ICM7243B 14-Segment 
Character Font with Decimai Point 


-to.-►(-1, 

— toh 1- 


Figure 6: Random Access Timing 
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TABLE 1: PIN DESCRIPTIONS, ICM7243Ar/S; 


Signal 

Pin 

Function 

Do -Ds 

10-15 

(8-13) 

Six-Bit ASCII Data input pins (active high). 

CS,CS 

16 

(14-16) 

Chip Select for decoding from jitP address bus, etc. 

WR 

17 

WRite pulse input pin (active low). For an active high write pulse, 

CS can be used, and WR can be used as 

MODE 

31 

Selects data entry MODE. High selects Serial Access (SA) 
mode where first entry is displayed in “leftmost” character and 
subsequent entries appear to the “right”. Low selects the Ran¬ 
dom Access (RA) mode where data is displayed on the charac¬ 
ter addressed via A 0 -A 2 Address pins. 

Aq/SEN 

30 

In RA mode it is the LSB of the character Address. In SA mode it 
is used for cascading display driver/controllers for displays of 
more than 8 characters (active high enables driver controller). 

Ai/CLeaR 

29 

In RA mode this is the second bit of the address. In SA mode, a 
low input will CLeaR the Serial Address Counter, the Data Mem¬ 
ory and the display. 

A 2 /DISPIay FULL 

28 

In RA mode this is the MSB of the Address. In SA mode, the 
output goes high after eight entries, indicating DlSPlay FULL. 

OSC/OFF 

27 

oscillator input pin. Adding capacitance to Vdd will lower the 
internal oscillator frequency. An external oscillator is also ap¬ 
plied to this pin. A low puts the display controller/driver Into a 
quiescent mode, shutting OFF the display and oscillator but re¬ 
taining data stored in memory. 

SEGa-SEGm, D.P. 

2-9(7), 

32-40 

SEGment driver outputs. 

CH ARacter 1 - 8 

18-21, 

23 -26 

CHARacter driver outputs. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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17 

SEGMENTS 



□RAILED DESCRIPTION 

WR, CS, CS. These pins are immediately functionally 
ANDed, so all actions described as occurring on an edge of 
WR, with CS and CS enabled, will occur on the equivalent 
(last) enabling or (first) disabling edge of any of these in¬ 
puts. The delays from CS pins are slightly (about 5ns) great¬ 
er than from WR or CS due to the additional inverter re¬ 
quired on the former. 

MODE. The MODE pin input is latched on the falling edge 
of WR (or its equivalent, see above). The location in Data 
Memory where incoming data will be placed is determined 
either from the Address pins or the Serial Address Counter, 
under control o f this latch, which also controls the function 
of Aq/SEN, Ai/CLR, and A 2 /DISPIay FULL. 

Random Access Mode. When the internal mode latch is 
set for Random Access (RA) (MODE latched low), the Ad¬ 
dress input on Aq, Ai and A 2 will be latched by the falling 


edge of WR (or its equivalent). Subsequent changes on the 
Address lines will not affect device operation. This allows 
use of a multiplexed 6-bit bus controlling both address and 
data, with timing controlled by WR. 

Serial Access Mode. If the internal latch is set for Serial 
Access (SA), (MODE latched high), the Serial ENable input 
on SEN will be latch ed on the falling edge of WR (or its 
equivalent). The CLR input is asynchronous, and will force- 
clear the Serial Address Counter to address 000 (CHARac- 
ter 1), and set all Data Memory contents to 100000 (blank) 
at any time. The DISPlay FULL output is always active in SA 
mode also, and indicates the overflow status of the Serial 
Address Counter. If this output is low, and SEN is (latched 
as) high, the contents of the Counter will be used to estab¬ 
lish the Data Memory location for the Data input. The Coun¬ 
ter is then incremented on the rising edge of WR. If SEN is 
low, or Display FULL Is high, no action will occur. This al¬ 
lows easy “daisy-chaining” of display drivers for multiple 
character displays in a Serial Access mode. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
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NOTE: AH typical values have been characterized but are not tested. 
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Changing Modes. Care must be exercised in any appli¬ 
cation involving changing from one mode to another. The 
change will occur only on a falling edge of WR (or its equiv¬ 
alent). When changing mode from Serial Access to Ran¬ 
dom ^cess, note that A 2 /DISPIay FULL will be an output 
until WR has fallen low, and an Address drive here could 
cause a conflict. W hen changing from Random Access to 
Serial Access, Ai /CLR should be high to avoid inadvertent 
clearing of the Data Memory and Serial Address Counter. 
Display FULL will become active immediately after the fall¬ 
ing edge of WR. 

Data Entry. The input Data is latched on the rising edge 
of WR (or its equivalent) and then stored in the Data Memo¬ 
ry location determined as described above. The six Data 
bits can be multiplexed with the Address information on the 
same lin^ in Random Access mode. Timing is controlled 
by the WR Input. 

OSC/OFF. The device Includes a one-pin relaxation oscil¬ 
lator with an internal capacitor and a nominal frequency of 
200k Hz. B y adding external capacitance to Vqd at the 
OSC/OFF pin, this frequency can be reduced as far as de¬ 
sired. Alternatively, an external signal can be injected on 
this pin. The oscillator (or external) frequency is pre-divided 
by 64, and then further divided by 8 in the Multiplex Counter, 
to drive the CHARacter strobe lines (see Display Output). 
An intercharacter blanking signal Is derived fr om t he pre-di¬ 
vider. An additional comparator on the OSC/OFF input de¬ 
tects a level lower than the relaxation oscillator’s range, and 

APPLICATIONS 



blanks the display, disables the DISPlay FULL output (if ac¬ 
tive), and clears the pre-divider and Mutliplex Counter. This 
puts the circuit in a low-power-dissipation mode in which all 
outputs are effectively open circuits, except for parasitic di¬ 
odes to the supply lines. Thus a display connected to the 
output may be driven by another circuit (including another 
ICM7243) without driver conflicts. 

Display Output. The address output of the Multiplex 
Counter is multiplexed in^the address input of the Data 
Memory, except during WR operations (in Serial Access 
mode, with SEN high and DISPlay FULL low), to control 
display operations. The address decoder also drives the 
CHARacter outputs, except during the inter-character blank¬ 
ing Interval (nominally about 5]lls). Each CHARacter output 
lasts nominally about 300jlis, and is repeated nominally ev¬ 
ery 2.5ms, i.e., at a 400Hz rate (times are based on internal 
oscillator without external capacitor). 

The 6 bits read from the Data Memory are decoded in the 
ROM to the 17 (15 for ICM7243B) segment signals, which 
drive the SEGment outputs. Both CHARacter and SEGment 
outputs are disabled during WR operations (with SEN high 
and Display FULL Low for Serial Access mode ). The out¬ 
puts may also be disabled by pulling OSC/OFF low. 

The decode pattern from 6 bits to 17 (15) segments is 
done by a ROM pattern according to the ASCII font shown. 
Custom decode patterns can be arranged, within these limi¬ 
tations, by consultation with the factory. 


INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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APPLICATIONS (Continued) 



UART converts data stream to parallel bytes. Bit 7 of each word sets which row data will be entered into. 
Bit 8 will blank and reset whole display if iow. Each MODE pin shouid be tied high. ICM7243A can aiso be 

used, with inverter on RBR7 for one row. 


COMPONENT SELECTION 

Displays suitable for use with the ICM7243 may be ob¬ 
tained from the following manufacturers; among others: 

Hewlett Packard Components, Palo Alto, California (415) 
857-6620 (part #HDSP6508, HDSP6300) 

General Instruments Inc., Palo Alto, California (415) 493- 
0400 (part #MAN2815) 


Texas Instruments Inc., Dallas, Texas (214) 995-6611 
(part #HDSP6508) 

A.N.D., Burlingame, California (415) 347-9916 (part 
#AND370R) 

lEE Inc., Van Nuys, California (213) 787-0311 (part 
#LR3784R) 
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IM80C35 

F20 

IM80C48 



OB 7 


OBe 


DBs^ 




ICM724aA/B 
CSAa AiAq WR 




ICM7243A/B 
CS AaAiAoOs-O^^ 




ICM7243A/B 

CS A 2 Ai Ao D$^ WR 

I 


ICM7243A/B 

CS A 2 Ai Ao Ds-O WR 




6-BITBUS 


Figure 11: Random Access 32-Character Display in IM80C48 system. 


One port line controls A 2 , other two are CS lines. 8-bit data bus drives 6 data and 2 address lines. MODE 

should be GrouNDed on each part. 



♦■5 V 


+ 5V •♦■5V 



(5b.) Common Anode Displays 


Figure 12: Driving Large Displays. 

The circuits of Figures 12a and 12b can be used to drive 0.5" or larger alphanumeric displays, either common cathode (12a) or common anode (12b). 
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Section 14 — Timers / Clocks / 
Counters with Display Drivers 
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ICM7170 

jLiP-Compatible 
Real-Time Clock 



GENERAL DESCRIPTION 

The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Intersil’s silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable coun¬ 
ters from 1/100 seconds to years. The counters are con¬ 
trolled by a pulse train divided down from a crystal oscillator 
circuit, and the frequency of the crystal is selectable with 
the on-chip command register. An extremely stable oscilla¬ 
tor frequency is achieved through the use of an on-chip reg¬ 
ulated power supply. 

The device access time (tacc) 300ns eliminates the 
need for any microprocessor wait states or software over¬ 
head. Furthermore, the ALE (Address Latch Enable) input is 
provided for interfacing to microprocessors with a multi¬ 
plexed address/data bus. With these two special features, 
the ICM7170 can be easily interfaced to any available mi¬ 
croprocessor. 

The ICM7170 generates two types of interrupts. The first 
type is the periodic interrupt (i.e., 100Hz, 10Hz, etc.) which 
can be programmed by the internal interrupt control register 
to provide 7 different output signals. The second type is the 
alarm interrupt. The alarm time is set by loading an on-chip 
51-bit RAM that activates an interrupt output through a com¬ 
parator. The alarm interrupt occurs when the real time coun¬ 
ter and alarm RAM time are equal. A status register is avail¬ 
able to indicate the interrupt source. 

An on-chip Power-Down Detector eliminates the need for 
external components to support the battery back-up func¬ 
tion. When a power-down or power failure occurs. Internal 
logic switches the on-chip counters to battery back-up oper¬ 
ation. Read/write functions become disabled and operation 
is limited to time-keeping and interrupt generation, resulting 
in low power consumption. 

Internal latches prevent clock roll-over during a read cy¬ 
cle. Counter data is latched on the chip by reading the 
10Oth-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7170IPG 

-40"Cto +85‘’C 

24-Pin Plastic Dip 

ICM7170IDG 

-40“CtO +85“C 

24-Pin Ceramic 

ICM7170IBG 

-40"Cto +85"C 

24-Pin S.O.I.C. 
(Surface Mount) 

ICM7170MDG 

-55‘’Cto +125“C 

24-Pin Ceramic 

ICM7170MDG/883C 

-55‘’Cto +125‘’C 

24-Pin Ceramic 

ICM7170AIPG 

-40‘’Cto +85"C 

24-Pin Plastic Dip 

ICM7170AIBG 

-40*’Cto +85‘’C 

24-Pin S.O.I.C. 


“A” Parts Screened to < 4 juA Istby ® KHz 


FEATURES 

• 883B-Rev C Compliant 

• 8-Bit juP Bus Compatible 
—Multiplexed or Direct Addressing 

• Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 

• Time From 1/100 Seconds to 99 Years 

• Software Selectable 12/24 Hour Format 

• Latched Time Data Ensures No Roll-Over During 
Read 

• Full Calendar With Automatic Leap Year Correction 

• On-Chip Battery Backup Switchover Circuit 

• Access Time Less Than 300ns 

• 4 Programmable Crystal Oscillator Frequencies over 
Industrial Temp Range 

• 3 Programmable Crystal Oscillator Frequencies over 
Miiitary Temp Range 

• On-Chip Aiarm Comparator and RAM 

• Interrupts from Alarm and 6 Selectable Periodic 
intervals 

• Standby Micro-Power Operation: 2jbiA Typ. at 3.0V 
and 32kHz Crystal 

APPLICATIONS 

• Portable and Personal Computers • Data Logging 

• industrial Control Systems • Point Of Saie 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301680-006 
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Operating Temperature .-40“Cto+85“C 

Storage Temperature .-65®Cto+150®C 

Lead Temperature (Soldering, 10sec) . 300®C 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. 8 V 

Power Dissipation (Note 1). 500mW 

Input Voltage (Any Terminal) 

(Note 2) . Vdd + 0.3V to Vss -0.3V 

NOTE 1: Ta= 25*C. 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminai at voltages greater than Vqd or less than Vss cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the ICM7170 be turned on first. 

NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 

(Ta= —40®C to +85'’C, V 0 D= +5V ±10%, Vbackup—Vdd» Vss — OV unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Specification 

Units 

Min 

Typ 

Max 

VdD 

Vdd Supply Range 

Fosc = 32kHz 

1.9 


5.5 

V 

FoSC = 1,2,4MHz 

2.6 


5.5 

IsTBY( 1 ) 

Standby Current 

Fosc = 32kHz 

Pins 1-8,15-22 & 24 = VpD 

Vdd = Vss; Vbackup = Vdd - 3.ov 

7170 


2.0 

20.0 

fiA 

7170A 


2.0 

5.0 

IsTBY( 2 ) 

Standby Current 

FqsC = 4MHz 

Pins 1-8,15-22 & 24 = Vqd 

Vdd = Vss; Vbackup = Vqd - 3.ov 





Idd(i) 

Operating Supply Current 

Fosc = 32kHz 

Read/Write Operation at 100Hz 


0.3 



IdD( 2 ) 

Operating Supply Current 

Fosc = 32kHz 

Read/Write Operation at 1 MHz 


1.0 



V|L 

Input low voltage (Except Osc.) 

Vdd=5.0V 



0.8 

V 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 

(TA=“4(y*Cto +85*C, Vdd=+5V ±10%, VbackuP“Vdd> ^SS “ OV unless Otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

Specification 

Units 

Min 

Typ 

Max 

V|H 


Vdd = 5.0V 

2.4 



V 

VoL 

Output low voltage (Except Osc.) 

IOL=‘*-6mA 



0.4 

V 

VOH 

Output high voltage except 

— 400jLtA 

m 



V 

INTERRUPT (Except Osc.) 

l|L 

Input leakage current 

V|N = Vdd orVss 

-10 

0.5 

±10 

JU.A 

•OL 

Tristate leakage current (D 0 -D 7 ) 

Vo=Vdd or Vss 

-10 

0.5 

±10 

jxA 

Vbattery 

Backup Battery Voltage 

F0SC=1.2, 4MHz 



Vdd-1.3 

V 

Vbattery 

Backup Battery Voltage 

F 0 SC = 32kHz 



Vdd-1-3 

V 

hi 

Leakage current INTERRUPT 




0.5 

10 

jaA 

C|/o 

CAPACITANCE D 0 -D 7 





8 

PF 

Caddress 

CAPACITANCE A 0 -A 4 





6 

PF 

CcONTROL 

CAP. m, WR,CSALE 





6 

pF 

C|N Osc. 

Total Osc. Input Cap. 





3 

pF 


AC CHARACTERISTICS (Ta= —40°Cto +85°C, Vqd~ +5V ±10%, V 0 ackup~Vqq, D 0 -D 7 Load 
Capacitance = 150pF, V|l== 0.4V, Vih = 2.8V unless otherwise specified) 


1 Symboi 

Parameter 

Min 

Max 

Units 

1 READ CYCLE TIMiNG | 

Vd 

READ to DATA valid 


250 

ns 

Wc 

ADDRESS valid to DATA valid 


300 

ns 

tcvc 

READ cycle time 

400 


ns 

trx 

RD high to bus tristate* 


25* 

ns 

tas 


50 


ns 

tar 


0 


ns 

*Guaranteed Parameter by Design 

WRITE CYCLE TIMING 

tad 

ADDRESS valid to WRITE strobe 

50 


ns 

twa 

ADDRESS hold time for WRITE 

0 


ns 

twi 

WRITE pulse width, low 

100 


ns 

twh 

WRITE high time 

300 


ns 

trh 

Read high time 

150 


ns 

tdw 

DATA IN to WRITE set up time 

100 


ns 

twd 

DATA IN hold time after WRITE 

30 


ns 

tcvc 

WRITE cycle time 

400 


ns 

MULTIPLEXED MODE TIMING | 

t|| 

ALE Pulse Width, High 

50 


ns 

tal 

ADDRESS to ALE set up time 

30 


ns 

t|a 

ADDRESS hold time after ALE 

30 


ns 


Capacitance values are maximum values and are sample tested only. 
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ICM 7170 ELECTRICAL CHARACTERISTICS (TEST SPECIFICATION) 
FOR MIL-STD-883 COMPLIANCE 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. 8 V 

Power Dissipation (Note 1). 500mW 

Input Voltage (Any Terminal) 

.Vdd + 0.3V to Vss-0.3V 

Operating Temperature .- to +125“C 

Storage Temperature .-65®Cto+150‘*C 

Lead Temperature (Soldering, 10 sec). 300*0 

NOTE 1: Ta= 25“C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (Vdd = 5V ±10%, Vbackup=Vdd. Ta= -55*0 to +125*0, unless otherwise specified) 


Symbol 

Parameter 


Specification 

Units 



Min 

Typ 

Max 

Vdd 

Vdd Supply Range 

FqsC = 32kHz 

1.9 


5.5 

V 

Fosc= 1.2MHz 

2.6 


5.5 


ISTBYd) 

Standby Current 

Fosc=32 kHz 

All chip I/O to Vdd 

Vdd=V ss’- Vbackup=Vdd-3.0V 


2.0 

40 


ISTBY(2) 

Standby Current 



FosC = 1.2MHz 
All chip l/OtoVD 
7170A 



30 

200 

fjbA 






fc¥Ej6-3.0V 



5.0 


Idd( 1 ) 

Operating Supply Current 


^’^ac(/Wr1te Operation at 100 Hz 


0.3 

1.2 

mA 

IdD( 2 ) 

Operating Supply Current 


- 

^0SC=32 kHz 

Read/Write Operation at 1 MHz 


1.0 

2.0 

mA 

V|L 


Vdd=5.0V 



0.8 

V 



Vdd=5.0 V 

2.8 




Vql 

Output Low Voltage (Except Osc.) 

Iol= 1-6 mA 



0.5 

V 

Vqh 

Output High Voltage Except INTERRUPT 
(Except Osc.) 

IOH = 400jLiA 

2.5 



V 

IlL 

Input Leakage Current 

V|N—Vdd 01 ' Vss 

-10 

0.5 

+ 10 

M'A I 

■OL 

Tristate Leakage Current (D 0 -D 7 ) 

Vin==Vdd or Vss 

-10 




Vbattery 

Backup Battery Voltage 

OSG = 32 kHz 



Vdd-1.5 

V 

lOL 

Leakage Current INTERRUPT 

Vo=Vdd or Vss 

INT SOURCE 
connected to Vss 






INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


14-4 




































ICM 7170 ^DIMiili^DIL 


AC CHARACTERISTICS (Ta = -55'Cto + 125°C, Vdd = 5V ± 10 %, Vbackup = Vqd. D 0 -D 7 Load 
Capacitance = 150 pF, V|l = 0.4V, Vm = 3.20V unless otherwise specified) 


Symbol 

Parameter 

Min 

Max 

Units 

READ CYCLE TIMING 

— 

frd 

READ to DATA Valid 


250 

ns 

Ucc 

ADDRESS Valid to DATA Valid 


350 

ns 

HHIBHI 

READ Cycle Time 

450 


ns 

frx 

^ High to Bus Tristate 


100 

ns 

fas 

ADDRESS to READ Set Up Time 

100 


ns 

far 

ADDRESS HOLD Time after READ 



ns 

frh 

READ High Time 



ns 

WRITE CYCLE TIMING 


fad 

address 

100 


ns 

fwa 

ADDRESS H® meJ^fWllTE 

50 


ns 

fwl 

WRITE Pulse Width 

125 


ns 

fwh 

WRITE Pulse Width High 

325 


ns 

fdw 

DATA IN to WRITE Set Up Time 

125 


ns 

fwd 

DATA IN Hold Time after WRITE 

50 


ns 

fcyc 

WRITE Cycle Time 

450 


ns 

MULTIPLEXED MODE TIMING 

f|| 

ALE Width 

50 


ns 

fal 

ADDRESS to ALE Set Up Time 

30 


ns 

f|a 

ADDRESS Hold Time after ALE 

40 


ns 
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Table 1 


Signal 

Pin 

Description 

WR 

1 

Write input 

ALE 

2 

Address latch enable input 

CS 

3 

Chip select input 

A4-A0 

4-8 

Address inputs 

OSC OUT 

9 

Oscillator output 

OSCIN 

10 

Oscillator input 

INT SOURCE 

11 

Interrupt source 

INTERRUPT 

12 

Interrupt output 

Vss(GND) 

13 

Digital common 

Vbackup 

14 

Battery negative side 

D0-D7 

15-22 

Data I/O 

Vdd 

23 

Positive digital supply 


24 

Read input 


DETAILED DESCRIPTION 
Oscillator 

This circuit uses a regulated CMOS Pierce oscillator, for 
maximum accuracy, stability, and low-power consumption. 
Externally, one crystal and two capacitors are required. One 
of the capacitors is variable and is used to trim or tune the 
oscillator output. Typical values for these capacitors are 
C|N = 15pF and CouT=10“35pF, or approximately double 
the recommended Cload the crystal being used. Both 
capacitors must be connected from the respective oscillator 
pins to Vdd tor maximum stability. 

The oscillator output is divided down to 4000Hz by one of 
four selected ratios, via a variable prescaler. The ICM7170 
can use any one of four different low-cost crystals: 
4.194304MHz, 2.097152MHz, 1.048576MHz, or 32.768kHz. 
The ICM7170MDG is available with 3 crystal frequency op¬ 
tions only. (4.194304 MHz is not avail, with military version.) 
The command register must be programmed for the fre¬ 
quency of the crystal chosen, and this in turn will determine 
the prescaler’s divide ratio. 

Command Register frequency selection is written to the 
DO and D1 bits at address 11H and the 12 or 24 hour format 
is determined by bit D2, as shown in Table 4. 
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The 4000Hz signal is divided down further to 100Hz, 
which is used as the clock for the counters. Time and calen¬ 
dar information is provided by 8 consecutive addressable, 
programmable counters: lOOths of seconds, seconds, min¬ 
utes, hours, day of week, date, month, and year. The data is 
in binary format and is configured into 8 bits per digit. See 
Table 4 for address Information. Any unused bits are held at 
logic “0” during a read and ignored during a write operation. 

Alarm Compare RAM 

On the chip are 51 bits of Alarm Compare RAM grouped 
into words of different lengths. These are used to store the 
time, ranging from lOOths of seconds to years, for compari¬ 
son to the real-time counters. Each counter has a corre¬ 
sponding RAM word. In the Alarm Mode an interrupt is gen¬ 
erated when the current time is equal to the alarm time. The 
RAM contents are compared to the counters on a word by 
word basis. If a comparison to a particular counter is unnec¬ 
essary, then the appropriate ‘M’ bit in Compare RAM should 
be set to logic “1”. 

The ‘M’ bit, referring to Mask bit, causes a particular RAM 
word to be masked off or ignored during a compare. Table 4 
shows addresses and Mask bit information. 

Periodic Interrupts 

The interrupt output can be programmed for 6 periodic 
signals: 100 Hz, 10 Hz, once per second, once per minute, 
once per hour, or once per day. The 100 Hz and 10 Hz 
interrupts have instantaneous errors of ±2.5% and 
±0.15% respectively. This is because non-integer divider 
circuitry is used to generate these signals from the crystal 
frequency, which is a power of 2. The time average of these 
errors over a 1 second period, however, is zero. Conse¬ 
quently, the 100 Hz or 10 Hz interrupts are not suitable as 
an aid In tuning the oscillator; the 1 second interrupt must 
be used instead. 


Table 2: Command Register Format 


COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

n/a 

n/a 

Test 

Int. 

Run 

12/24 

Freq 

Freq 


Table 3: Command Register Bit Assignments 


D1 

DO 

Crystal 

Frequency 

D2 

24/12 Hour 

Format 



D4 

Interrupt 

Enable 



0 

0 

32.768kHz 

0 

12 hour mode 

0 

Stop 

0 

Interrupt disabled 

D 


0 

1 

1.048576MHz 

1 

24 hour mode 

1 

Run 

1 

Interrupt enable 

D 


1 

0 

2.097152MHz 









1 

1 

4.194304MHz 










The periodic interrupts can occur concurrently and in ad¬ 
dition to alarm interrupts. They are controlled by bits in the 
interrupt mask register, and are enabled by setting the ap¬ 
propriate bit to a “1” as shown In Table 5. Bits DO through 
D6 In the mask register, in conjunction with bits DO through 
D6 of the status register, control the generation of interrupts 
according to Figure 5. 

The interrupt status register, when read, indicates the cause 
of the interrupt and resets itself on the rising edge of the RD 
signal. When any of the counters having a corresponding bit 
In the status register roll over to zero, that bit is set to a “1” 
regardless of whether the corresponding bit in the interrupt 
mask register is set or not. This also applies to the alarm 
compare bit. 

Consequently, when the status register is read it will always 
indicate which counters have rolled over to zero and if an 
alarm compare occurred, since the last time it was read. 
This requires some special software considerations. If a 
slow interrupt is enabled (i.e. hourly or daily), the program 
must always check the slowest Interrupt that has been en¬ 
abled first, because all the other lower order bits in the 
status register will be set to “1” as well. Bit D7 is the global 
interrupt bit, and when set to a “1”, indicates that the 7170 
did indeed generate a hardware interrupt. This is useful 
when other interrupting devices in addition to the 7170 are 
attached to the system microprocessor, and all devices 
must be polled to determine which one generated the inter¬ 
rupt. 
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Table 4: Address Codes and Functions 


Address 

Function 

DATA 

Value 

A4 

A3 

A2 

A1 

AO 

HEX 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


0 

0 

0 

0 

00 

Counter-1 / 100 seconds 

- 








0-99 


0 

0 

0 

1 

01 

Counter-hours 

- 

- 

- 






0-23 







12 Hour Mode 

* 

- 

- 

- 





1-12 


0 

0 

1 

0 

02 

Counter-minutes 

- 

- 







0-59 


0 

0 

1 

1 

03 

Counter-seconds 

- 

- 







0-59 


0 

1 

0 

0 

04 

Counter-month 

- 

- 

- 

- 





1-12 


0 

1 

0 

1 

05 

Counter-date 

- 

- 

- 






1-31 


0 

1 

1 

0 

06 

Counter-year 

- 








0-99 


0 

1 

1 

1 

07 

Counter-day of week 

- 

- 

- 

- 

- 




0-6 


1 

0 

0 

0 

08 

RAM-1/100 seconds 

M 








0-99 


1 

0 

0 

1 

09 

RAM-hours 

- 

M 

- 






0-23 







12 hour Mode 


M 

- 

- 





1-12 


1 

0 

1 

0 

OA 

RAM-minutes 

M 

- 


■ 





0-59 


1 

0 

1 

1 

OB 

RAM-seconds 

M 

- 







0-59 


1 

1 

0 

0 

OC 

RAM-month 

M 

- 

- 

- 





1-12 


1 

1 

0 

1 

OD 

RAM-date 

M 

“ 

- 




■ 


1-31 


1 

1 

1 

0 

OE 

RAM-year 

M 








0-99 


1 

1 

1 

1 

OF 

RAM-day of week 

M 

- 

- 

- 

- 




0-6 


0 

0 

0 

0 

10 

Interrupt Status 

+ 









HH 






and Mask Register 










B 

0 

0 

0 

1 

11 

Command register 

- 

- 









NOTES: Address 10010 to 11111 (12h to 1Fh) are unused. 

* + ’ Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 

Indicates unused bits. 

AM/PM indicator bit in 12 hour format. Logic “0” indicates AM, logic “1” indicates PM. 
‘M’ Alarm compare for particular counter will be enabled if bit is set to logic “0”. 


Table 5: Interrupt and Status Registers Format 


INTERRUPT MASK REGISTER ADDRESS (10000b, lOh) WRITE-ONLY 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Not Used 

Day 

Hour 

Min. 

Sec. 

1/10 sec. 

1/100 sec. 

Alarm 


INTERRUPT STATUS REGISTER ADDRESS (10000b, lOh) READ-ONLY 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Global 

Interrupt 





1/10 sec. 

1/100 sec. 

Alarm 
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Interrupt Operation 

The interrupt output N-channel MOSFET is active at all 
times when the Interrupt Enable bit is set (bit 4 of the Com¬ 
mand Register), and operates in both the standby and bat¬ 
tery backup modes. 

Since system power is usually applied between Vqd and 
Vss. the user can connect the Interrupt Source (pin # 11) to 
Vss- This allows the Interrupt Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby operation, then the interrupt source pin should be 
connected to the battery’s negative side (Vbackup)- 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 

Power-Down Detector 

The ICM7170 contains an on-chip power-down detector 
that eliminates the need for external components to support 


^DS^innii^DiL 


the battery-backup switchover function, as shown in Figure 
6. Whenever the voltage from the Vss P'n fo the Vbackup 
pin is less than approximately 1 .OV (the Vth of the N-chan- 
nel MOSFET), the data bus I/O buffers in the 7170 are au¬ 
tomatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor be¬ 
ing written to the clock registers as the power supply is go¬ 
ing down. 

Actual switchover to battery operation occurs when the 
voltage on the Vbackup 's within ±50 mV of Vss- This 
switchover uncertainty is due to the offset voltage of the 
CMOS comparator that is used to sense the battery voltage. 
During battery backup, device operation is limited to time¬ 
keeping and interrupt generation only, thus achieving micro¬ 
power current drain. If an external battery-backup switch¬ 
over circuit is being used with the 7170, the Vbackup P'^ 
should be tied to the Vdd pin- The same also applies if 
standby battery operation is not required. 


INTERRUPT MASK 
REGISTER 


INTERRUPT STATUS 
REGISTER 



0372-8 

Figure 5: Interrupt Output Circuit 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


14-10 






ICM7170 

Time Synchronization 

Time synchronization is achieved through bit D3 of the 
Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic “1” allows the coun¬ 
ters to function and a logic “0” disables the counters. To 
accurately set the time, a logic “0” should be written into D3 
and then the desired times entered into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic “1” into D3 of the Command Register. 

Latched Data 

To prevent ambiguity while the processor is gathering 
data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 

By accessing the lOOths of seconds counter an internal 
store signal is generated and data from all the counters is 
stored into a 36-bit latch. A transition delay circuit will delay 
a 10OHz transition during a READ cycle. The data stored by 
the latches is then available for further processing until the 
10Oths of seconds counter is read again. 

Control Lines 

The TO, WR, and ^ signals are active low inputs. Data 
Is placed on the bus from counters or registers when RD is 
a logic “0”. Data is transferred to counters or registers 
when WR is a logic “0”. RD and WR must be accompanied 



by a logical “0” CS as shown in Figures 3 and 4. The 7170 
will also work satisfactorily with CS grounded. This access 
also to be controlled by RD and WR only. 

With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 
multiplexed address/data bus by connecting the address 
lines A0-A4 to the data lines D0-D4. To address the chip, 
the address Is placed on the bjus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vdd- 

Test Mode 

The test mode is entered by setting D5 of the Command 
Register to a logic “1”. This connects the 100Hz counter to 
the oscillator’s output. The peak-to-peak voltage used to 
drive osc. out should not be greater than the oscillator’s 
regulated voltage. The signal must be referenced to Vqd- 

Oscillator Tuning 

Oscillator tuning should not be attempted by direct moni¬ 
toring of the oscillator pins, unless very specialized equip¬ 
ment is used. External connections to the oscillator pins 
cause capacitive loading of the crystal, and shift the oscilla¬ 
tor frequency. As a result, the precision setting being at- 
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PCB DESIGN CONSIDERATION 

1 ) Layout Quartz Crystal traces as short as possible. 

2) Keep Crystal traces as far as possible from other 
traces. 

3) PCB must accept both Saronix and Statek 
32.768kHz Crystals. 

4) Completely surround crystal traces with Vdd trace. 

5) Try to keep oscillator traces on one side of the PCB. 

6 ) Trimmer capacitor must be accessible from the top 
of the PCB after it is inserted into the appropriate 
connector. 

7) The fixed and variable oscillator capacitors must be 
referenced to Vdd- Vss's not an AC ground for the 
oscillator. 

APPLICATION NOTES 

Digital Input Termination During Backup 

To ensure low current drain during battery backup opera¬ 
tion, none of the digital inputs to the 7170 should be al¬ 
lowed to float. This keeps the input logic gates out of their 
transition region, and prevents crossover current from flow¬ 
ing which will shorten battery life. The address, data, CS, 
and ALE pins should be pulled to either Vdd or Vss. and the 
RD and WR inputs should be pulled to Vdd- This is neces¬ 
sary whether the internal battery switchover circuit is used 
or not. 

IBM/PC Evaluation Circuit 

Figure 7 shows the schematic of a board that has been 
designed to plug into an IBM PC or compatible computer. It 
features full buffering of all 7170 address and data lines, 
and switch selectable I/O block select. A provision for set¬ 
ting the priority level of the 7170 periodic interrupt has also 
been added. 


Batteries 

Crystals 

Panasonic 

Rayovac 

Statek 32kHz CX-IV 

SARONIX 32kHz NTF3238 
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tempted is corrupted. One indirect method of determining 
the oscillator frequency is to measure the period between 
interrupts on the Interrupt Output pin (#12). This m easure¬ 
ment must be relative to the falling edges of the INTER¬ 
RUPT pin. The oscillator set-up and tuning can be per¬ 
formed as follows: 

1) Select one of 4, readily-available oscillator frequen¬ 
cies and place the crystal between OSC IN (pin 
#10) and OSC OUT (pin #9). 

2 ) Connect a fixed capacitor from OSC IN to Vdd- 

3) Connect a variable capacitor from OSC OUT to 
Vdd- In cases where the crystal selected is a 32kHz 
Statek type (Cl=9pF), the typical value of 
C||M = 15pF and CouT“5pf-35pF. 

4) Place a 4.7Kn resistor from the INTERRUPT pin to 
Vdd. and connect the INT SOURCE pin to Vss- 

5) Apply 5V power and insure the clock is not in stand¬ 
by mode. 

6 ) Write all O’s to the Interrupt Mask Register, dis¬ 
abling all interrupts. 

7) Write to the Command Register with the desired os¬ 
cillator frequency. Hours mode (12 hour or 24 hour), 
Run = “1”, Interrupt Enable = “1”, and Test=“0”. 

8 ) Write to the Interrupt Mask Register, enabling one- 
second interrupts only. 

9) Monitor the INTERRUPT output pin with a precision 
period counter and trim the OSC OUT capacitor for 
a reading of 1.000000 seconds. The period counter 
must be triggered on the falling edge of the interrupt 
output for this measurement to be accurate. 

10) Read the Interrupt Status Register. This action re¬ 
sets the interrupt output back to a logic “1” level. 

11) Repeat steps 9 and 10 with a software loop. A suit¬ 
able computer should be used. 


NOTE: AH typical values have been characterized but are not tested. 


14-12 




ICM7170 


Hifsinnii^DiL 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


14-13 


ICM7170 






ICM7207/A 


ICM7207/A 

CMOS Timebase Generator 



GENERAL DESCRIPTION 

The ICM7207/A consist of a high stability oscillator and 
frequency divider providing 4 control outputs suitable for fre¬ 
quency counter timebases. Specifically, when used as a fre¬ 
quency counter timebase in conjunction with the ICM7208 
frequency counter, the four outputs provide the gating sig¬ 
nals for the count window, store function, reset function and 
multiplex frequency reference. Additionally, the duration of 
the count window may be changed by a factor of 10 to 
provide a 2 decade range counting system. 

The normal operating voltage of the ICM7207/A is 5 
volts. The typical power dissipation is less than 2mW when 
using an oscillator frequency of 6.5536MHz with the 7207 
and 5.24288MHz with the 7207A. 

In the 7207/A the GATING OUTput, ReSeT, and the 
MULTIPLEX output provide both pull up and pull down, 
eliminating the need for 3 external resistors; although, buff¬ 
ering must be provided if interfacing with TTL is required. 


ORDERING INFORMATION 


Order 

Number 

Temperature 

Range 

Package 

ICM7207IJD 

ICM7207IPD 

ICM7207EV/Kit 

-25"Cto +85'’C 
-25"Cto +85‘’C 

14-Pin CERDIP 

14-Pin PLASTIC DIP 
EV/Kit* 

ICM7207AIJD 

ICM7207AIPD 

ICM7207AEV/Kit 

-25‘’Cto +85"C 
-25‘’Cto +85‘’C 

14-Pin CERDIP 
14-Pin PLASTIC DIP 
EV/Kit* 


’These EV/Kits contain just the IC and the corresponding crystal. The 
ICM7207A is also used in the 4y2-Digit Counter/Driver kits, the ICM7224 
EV/Kit, ICM7225 EV/Kit, and ICM7236 EV/Kit, which include several ICs, a 
crystal, PC board, and some passive components. 


FEATURES 

• stable HF Oscillator 

• Low Power Dissipation^2mW With 5 Volt Supply 

• Counter Chain Has Outputs at -^212 and -^2^ or 
-(2nx 10); n= 17 for 7207, and 20 for 7207A 

• Low Impedance Output Drivers^ 100 Ohms 

• Count Windows of lO/IOOms (7207 With 6.5536MHz 
Crystal) or 0.1/1 Sec. (7207A With 5.24288MHz 
Crystai) 

APPLICATIONS 

• System Timebases 

• Osciiioscope Calibration Generators 

• Marker Generator Strobes 

• Frequency Counter Controllers 




— 1 


n/cQ 

1 

14 

□ rst 

sfoC 

2 

13 

^GATING OUT 

n/cQ 

3 

12 

□ MUX OUT 


ICM 7207 


vssC 

4 

(A) 11 

□ RANGE CONTROL 

OSC OUT □ 

5 

10 

□ VoD 

oscin[^ 

6 

9 

□ n/c 

N/cQ 

7 

8 

□ n/c 
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Figure 1: 

Pin Configuration 

1_ 

(Outline dwg PD) | 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd“Vss) . 6 . 0 V 

Input Voltages.Vss“0.3V to Vdd+0.3V 

Output Voltages: 

7207 .Vssto+6V 

7207A.VDDtoVss 


Output Currents .25mA 

Power Dissipation @ 25“C Note 1 . 200mW 

Operating Temperature Range .-25“Cto+85®C 

Storage Temperature Range.-65®Cto +125“C 

Lead Temperature (Soldering, 10sec) .OOO^C 


NOTE 1: Derate by 2mW/*C above 25“C. 

Absolute maximum ratings refer to values which if exceeded may permanently change or destroy the device. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

fo8o=6.5536MHz{7207), 5.24288MHz(7207A). Vdd=5V. Ta=25''C, Vss = 0V, test circuit uniess otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

VdD 

Operating Voltage Range 

-20“Cto +85'’C 

4 


5.5 

V 

Idd 

Supply Current 

All outputs open circuit 


260 

1000 

jliA 

Rds(on) 

Output on Resistances 

Output current=5mA 

All outputs 


50 

120 

ft 

Iqlk 

Output Leakage Currents 

All outputs (STORE only) 



50 

jixA 

(Rout) 

(Output Resistance 

Terminals 12,13,14) 

Output current=50jaA, 7207A 
only 



33K 

ft 

Ipd 

Input Pulldown Current 

Terminal 11 connected to Vqd 


50 

200 

jaA 


Input Noise Immunity 


25 



% supply voltage 

fosc 

Oscillator Frequency Range 

Note 2 

2 


10 

MHz 

^STAB 

Oscillator Stability 

C|N = CouT=22pF 


0.2 

1.0 

ppm/V 

rose 

Oscillator Feedback 
Resistance 

Quartz crystal open circuit 

Note 3 

3 



Mft 


NOTES: 2. Dynamic dividers are used in the initial stages of the divider chain. These dividers have a lower frequency of operation determined by transistor sizes, 
threshold voltages and leakage currents. 

3. The feedback resistor has a non-linear vaiue determined by the oscillator instantaneous input and output voltage voltages and the supply voltage. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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NOTE: AH typical values have been characterized but are not tested. 
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CRYSTAL PARAMETERS 
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SWITCHES Si, S 2 , S 3 , S 4 OPEN CIRCUIT FOR SUPPLY CURRENT MEASUREMENT. 

SWITCH S 5 OPEN CIRCUIT FOR SLOW GATING PERIOD. 

t SWITCHES S 2 , S 3 , S 4 and 50k RESISTORS ARE NOT NEEDED WHEN USING THE ICM7207A. 

Figure 3: Test Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT AS A FUNCTION 
OF OSCILLATOR FREQUENCY 


O 100 
> 

i 


TA-25C ' 

Vdd - 5V I 

Medium Quality Quarti Crystals' 

J-- 




J- 


7] 




6.5 MHz 

a' "x CouT * IOdF 

3.3 MHz C|N * lOpF_ 

/ 1 CoUT = 22pF 
2 MHz C|N » 22pF , 

Cqut * 22pF- 
|C|H *ppP ' 


'-12 MHz 
CoUT = lOpF 
C|N •= lOpF 


OSCILLATOR FREQUENCY MHz 


0348-4 


OUTPUT SATURATION RESISTANCES AS A 
FUNCTION OF SUPPLY VOLTAGE 



0348-5 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


OSCILLATOR STABILITY AS A 
FUNCTION OF SUPPLY VOLTAGE 



f.UI-1-1-1_I_^_I 

3 4 5 6 


SUPPLY VOLTAGE 


SUPPLY CURRENT ASA 
FUNCTION OF SUPPLY VOLTAGE 



OUTPUT TIMING WAVEFORMS 7207 (7207A) 
Crystal Frequency = 6.5536(5.24288)MHz 


«u.r..xooTPur _rTjn...„ j~i_ri..„j~i_rL 

h- 


GATING OUTPUT 




200 or 2000ms) 


-10 or too (100 or 1000) ms 


STORE 


u 

-312ms (391>ii) 


312^$ (39Vj) - 

k-jj 

-"-I- *1 312^s (391^5) 



Figure 4: Output Waveform 


DETAILED DESCRIPTION 

Referring to the Test Circuit, Figure 3, the crystal oscillator 
frequency is divided by 2^2 to provide both the multiplex 
frequency and generate the output pulse widths. The GAT¬ 
ING OUTPUT provides a 50% duty cycle signal whose peri¬ 
od depends upon whether the RANGE CONTROL terminal 
is connected to Vqd or Vss (open circuit). 

OSCILLATOR CONSIDERATIONS 
The oscillator consists of a CMOS inverter with a non-lin¬ 
ear resistor connected between the input and output termi¬ 
nals to provide biasing. Oscillator stabilities of approximate¬ 
ly 0.1 ppm per 0.1 volt change are achievable at a supply 
voltage of 5 volts, using low cost crystals. The crystal speci¬ 
fications are shown In the TEST CIRCUIT. 


It is recommended that the crystal load capacitance (CJ 
be no greater than 15pF for a crystal having a series resist¬ 
ance equal to or less than 75fl, otherwise the output ampli¬ 
tude of the oscillator may be too low to drive the divider 
reliably. 

If a very high quality oscillator is desired, it Is recommend¬ 
ed that a quartz crystal be used having a tight tuning toler¬ 
ance ±10ppm, a low series resistance (less than 2511), a 
low motional capacitance of 5mpF and a load capacitance 
of 15pF. The fixed capacitor C|n should be 39pF and the 
oscillator tuning capacitor should range between approxi¬ 
mately 8 and 60pF. 

Use of a high quality crystal will result in typical oscillator 
stabilities of 0.05ppm per 0.1 volt change of supply voltage. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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FREQUENCY LIMITATIONS 

The ICM7207/A uses dynamic frequency counters In the 
initial divider sections. Dynamic frequency counters are fast¬ 
er and consume less power than static dividers but suffer 
from the disadvantage that there is a minimum operating 
frequency at a given supply voltage. 


SUPPLY 

VOLTAGE 

WINDOW 


lOKHz lOOKHz 1MHz 10MHz 
FREQUENCY 

0348-9 

Figure 5 


For example, if instead of 6.5MHz, a 1MHz oscillator Is 
required, it is recommended that the supply voltage be re¬ 
duced to between 2 and 2.5 volts. This may be realized by 
using a series resistor in series with the 5V positive supply 
line plus a decoupling capacitor. The quartz crystal parame¬ 
ters, etc., will determine the value of this resistor. NOTE: 
Except for the output open drain n-channel transistors no 
other terminal is permitted to exceed the supply voltage lim¬ 
its. 



APPLICATION 

A PRACTICAL FREQUENCY COUNTER 

A complete frequency counter using the ICM7207/A to¬ 
gether with the ICM7208 Frequency Counter is described in 
the ICM7208 data sheet. Other frequency counters using 
the ICM7207/A can be constructed using the ICM7224, 
ICM7225, and ICM7236, for LCD, LED and VF displays. The 
latter are available as EV/Kits also. 

QUARTZ CRYSTAL MANUFACTURERS 

The following list of possible suppliers is intended to be of 
assistance in putting a design into production. It should not 
be interpreted as a comprehensive list of suppliers, nor 
does it constitute an endorsement by Intersil. 

a) CTS Knights, Sandwich, Illinois, (815) 786-8411 

b) Motorola Inc., Franklin Park, Illinois (312) 451-1000 

c) Sentry Manufacturing Co., Chickasaw, Oklahoma 
(405) 224-6780 

d) Tyco Filters Division, Phoenix, Arizona (602) 272- 
7945 

e) M-Tron Inds., Yankton, South Dakota (605) 665- 
9321 

f) Saronix, Palo Alto, California (415) 856-6900 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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7-Digit LED Dispiay Counter 



GENERAL DESCRIPTION FEATURES 


The ICM7208 is a fully integrated seven decade counter- 
decoder-driver and is manufactured using Intersil’s low volt¬ 
age metal gate CMOS process. 

Specifically the ICM7208 provides the following on chip 
functions: a 7 decade counter, multiplexer, 7 segment de¬ 
coder, digit & segment driver, plus additional logic for dis¬ 
play blanking, reset, input inhibit, and display on/off. 

For unit counter applications the only additional compo¬ 
nents are a 7 digit common cathode display, 3 resistors and 
a capacitor to generate the multiplex frequency reference, 
and the control switches. 

The ICM7208 is intended to operate over a supply volt¬ 
age of 2 to 6 volts as a medium speed counter, or over a 
more restricted voltage range for high frequency applica¬ 
tions. 

As a frequency counter it is recommended that the 
ICM7208 be used in conjunction with the ICM7207 Oscilla¬ 
tor Controller, which provides a stable HF oscillator, and 
output signal gating. 



• Low Operating Power Dissipation < 10mW 

• Low Quiescent Power Dissipation < 5mW 

• Counts and Dispiays 7 Decades 

• Wide Operating Suppiy Voltage Range 2 V^Vod^6V 

• Drives Directly 7 Decade Multiplexed Common 
Cathode LED Display 

• Internal Store Capability 

• Internal Inhibit to Counter Input 

• Test Speedup Point 

ORDERING INFORMATION 


Part Number 

Temperature 

Range 

Package 

ICM7208IPI 

-25‘’Cto +85'’C 

28 Lead Plastic DIP 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Note 2) (Vpo-Vss) .6V 

Input Voltage Range (any input terminal) 

(Note 2) .Vss - 0.3V to Vqd + 0.3V 

Output Digit Drive Current (Note 3).150mA 

Output Segment Drive Current.30mA 

Power Dissipation (Note 1) .1W 

Operating Temperature Range .-25‘’Cto+85'’C 

Storage Temperature Range.-es^Cto +150*0 

Lead Temperature (Soldering, lOsec) . 300“C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 


vdd [T 

• 

H SEGa 

SLGd (T 


^ TEST 2 

SEGe [T 


H SEGf 

Vss [T 


m 04 

Oe [T 


^ 03 

05 [T 


H TEST 1 

TEST 3 (T 

ICM7208 

M 02 

N.C. [T 


m Di 

DISPLAY ENABLE (T 


2§ MUX. #2 

07 [10 


iD MUX.dll 

STORE Ql 


18} SEG g 

COUNTER INPUT [l| 


ni SEG b 

COUNT ENABLE [13 


iD MUX. #3 

RESET [T? 


iD SEG c 
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Figure 2: Pin Configuration 

(Outiine Drawing PI) 


ELECTRICAL CHARACTERISTICS (Vdd = 5V, Vss = 0V, Ta = 25*C, display off, unless otherwise specified) 



Parameter 

Test Conditions 

Min 

Typ 



Iqi 

Quiescent Current 

All controls plus terminal 19 connected to 

Vdd •^o multiplex oscillator 


30 

300 

jixA 

IQ2 

Quiescent Current 

All control Inputs plus terminal 19 connected 
to Vdd except STORE which is connected 
to Vss 


70 

350 

Iddi 

Operating Supply Current 

All inputs connected to Vdd. RC multiplexer 
osc operating fjn< 25kHz 


210 

500 

•dD2 

Operating Supply Current 

fin = 2MHz 



700 

VSUPPLY 

Supply Voltage Range 

fin^2MHz 

3.5 


5.5 

V 

Rdig 

Digit Driver On Resistance 



4 

12 


•dig 

Digit Driver Leakage Current 






Il^§i9llllllllli 







^Sfllllllllllilll 

Segment Driver Leakage Current 






m 

Pullup Resistance of RESET 
or STORE Inputs 


100 

400 


ka 

Rin 

COUNTER INPUT Resistance 

Terminal 12 either at Vdd or Vss 



100 

Vhin 

COUNTER INPUT Hysteresis 
Voltage 







NOTES: 1. This value of power dissipation refers to that of the package and will not be obtained under normal operating conditions. 

2. The supply voltage must be applied before or at the same time as any input voltage. This poses no problems with a single power supply system. If a 
multiple power supply system Is used, it is mandatory that the supply for the ICM7208 is switched on before the other supplies otherwise the device 
may be permanently damaged. 

3. The output digit drive current must be limited to 150mA or less under steady state conditions. (Short term transients up to 250mA will not damage the 
device.) Therefore, depending upon the LED display and the supply voltage to be used it may be necessary to include additional segment series 
resistors to limit the digit currents. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM COUNTER INPUT FREQUENCY AS A SEGMENT OUTPUT CURRENT AS A 

FUNCTION OF SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 



0 1.0 2.0 3.0 4.0 5.0 6.0 

SUPPLY VOLTAGE (V) 
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TEST PROCEDURES 

The ICM7208 is provided with three input terminals 7, 23, 
27 which may be used to accelerate testing. The least two 
significant decade counters may be tested by applying an 
input to the ‘COUNTER INPUT terminal 12. ‘TEST POINT 
terminal 23 provides an input which bypasses the 2 least 
significant decade counters and permits an injection of a 
signal into the third decade counter. Similarly terminals 7 
and 27 permit rapid counter advancing at two points further 
along the string of decade counters. 


CONTROL INPUT DEFINITIONS 


Input 

Terminal 

Voltage 

Function 

1. DISPLAY 

9 

Vdd 

Display On 



Vss 

Display Off 

2. STORE 

11 

Vdd 

Counter Information 
Latched 



Vss 

Counter Information 
Transferring 




Input to Counter 

mm 



Blocked 

■■ 



Normal Operation 


14 

Vdd 

Normal Operation 

mm 


Vss 

Counters Reset 


COUNTER INPUT DEFINITION 

The Internal counters of the ICM7208 index on the nega¬ 
tive edge of the input signal at terminal #12. 


SUPPLY CURRENT AS A FUNCTION OF 
COUNTER INPUT FREQUENCY 



COUNTER INPUT FREQUENCY fiN (MHz) 

0349-7 

DETAILED DESCRIPTION 
Format of Signal to be Counted 

The noise immunity of the COUNTER INPUT Terminal is 
approximately Va the supply voltage. Consequently, the in¬ 
put signal should be at least 50% of the supply in peak to 
peak amplitude and preferably equal to the supply. 

The optimum input signal is a 50% duty cycle square 
wave equal in amplitude to the supply. However, as long as 
the rate of change of yoltage is not less than approximately 
10“^ V/|uis, at 50% of the power supply voltage, the Input 
waveshape can be sinusoidal, triangular, etc. 

When driving the input of the ICM7208 from TTL, a 1 k - 
5kn pull-up resistor to the positive supply must be used to 
increase peak to peak input signal amplitude. 

Display Considerations 

Any common cathode multiplexable LED display may be 
used. However, if the peak digit current could exceed 
150mA for any prolonged time, it is recommended that re¬ 
sistors be included in series with the segment outputs to 
limit digit current to 150mA. 

The ICM7208 is specified with 500jut A of possible digit 
leakage current. With cbrtain new LED displays that are ex¬ 
tremely efficient at low currents, it may be necessary to in¬ 
clude resistors between the cathode outputs and the posi¬ 
tive supply to bleed off this leakage current. 

Display Multiplex Rate 

The ICM7208 has approximately 0.5jixs overlap between 
output drive signals. Therefore, if the multiplex rate is very 
fast, digit ghosting will occur. The ghosting determines the 
upper limit for the multiplex frequency. At very low multiplex 
rates flicker becomes visible. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: All typical values have been characterized but are not tested. 


14-22 











ICM7208 



It is recommended that the display multiplex rate be with¬ 
in the range of 50Hz to 200Hz, which corresponds to 400Hz 
to 1600Hz for the multiplex frequency input. For stand alone 
systems, two inverters are provided so that a simple but 
stable RC oscillator may be built using only 2 resistors and a 
capacitor. 

The multiplex oscillator is eight times the multiplex rate. 
The frequency is given using the following formulii: 

*"2.2RxCx 

Rs should always be ^IMfl and Rs=kRx where k is in the 
range 2-10. 

An external generator may be used to provide the multi¬ 
plex frequency input. This signal, applied to terminal 19 (ter¬ 
minals 16 and 20 open circuit), should be approximately 
equal to the supply voltage, and should be a square wave 
for minimum of power dissipation. 

Unit Counter 

Figure 4 shows the schematic of an extremely simple unit 
counter that can be used for remote traffic counting, to 
name one application. The power cell stack should consist 
of 3 or 4 nickel cadmium rechargeable cells (nominal 3.6 or 
4.8 volts). If 4 X1.5 volt cells are used it is recommended 
that a diode be placed In series with the stack to guarantee 
that the supply voltage does not exceed 6 volts. 

The input switch is shown to be a single pole double 
throw switch (SPOT). A single pole single throw switch 
(SPST) could also be used (with a pullup resistor), however, 
anti-bounce circuitry must be included in series with the 
counter input. In order to avoid contact bounce problems 


due to the SPOT switch the ICM7208 contains an input 
latch on chip. 

The unit counter updates the display for each negative 
transition of the input signal. The information on the display 
will count, after reset, from 00 to 9,999,999 and then reset 
to 0000000 and begin to count up again. To blank leading 
zeros, actuate reset at the beginning of a count. Leading 
zero blanking affects two digits at a time. 

For battery operated systems the display may be 
switched off to conserve power. 

Frequency Counter 

The ICM7208 may be used as a frequency counter when 
used with an external frequency reference and gating logic. 
This can be achieved using the ICM7207 Oscillator Control¬ 
ler (Figure 5). The ICM7207 uses a crystal controlled oscil¬ 
lator to provide the store and reset pulses together with the 
counting window. Figure 6 shows the recommended Input 
gating waveforms to the ICM7208. At the end of a counting 
period (50% duty cycle) the counter input is inhibited. The 
counter information is then transferred and stored in latch¬ 
es, and can be displayed. Immediately after this information 
is stored, the counters are cleared and are ready to start a 
new count when the counter input is enabled. 

Using a 6.5536MHz quartz crystal and the ICM7207 driv¬ 
ing the ICM7208, two ranges of counting may be obtained, 
using either 0.01 sec or 0.1 sec counter enable windows. 

Previous comments on leading zero blanking, etc., apply 
as per the unit counter. 

The ICM7207 provides the multiplex frequency reference 
of 1.6kHz. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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Note: For a 1 sec count window which allows all 7 digits to be used with a resolution of 1Hz, the ICM7207 can be replaced with the ICM7207A. Circuit details are 
given on the 7207A data sheet. 



COUNTER INPUT EXTERNAL FREQUENCY TO BE MEASURED 


Figure 6: Frequency Counter Input Waveforms 
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Period Counter 

For this application, as opposed to the frequency counter, 
the gating and the input signal to be measured are reversed 
to the frequency counter. The input period is multiplied by 
two to produce a single polarity signal (50% duty cycle) 
equal to the input period, which is used to gate into the 
counter the frequency reference (1 MHz in this case). Figure 


8 shows a block schematic of the input waveform genera¬ 
tor. The 1MHz frequency reference is generated by the 
ICM7209 Clock Generator using an 8MHz oscillator fre¬ 
quency and internally dividing this frequency by 8. Alterna¬ 
tively, a 1MHz signal could be applied directly to COUNTER 
INPUT. Waveforms are shown in Figure 7. 


COUNT ENABLE INPUT EXTERNAL FRE0UENCY| 


STORE INPUT 


RESET INPUT 


COUNTER INPUT 


IF 

IF 


STORE GENE RATED BY THE POSITIVE 
EDGE OF THE ENABLE INPUT 


INPUT IS = 1MHz 


Figure 7: Period Counter input Waveforms 



ENABLE INPUl 


RESET INPUT 


STORE INPUT 

COUNTER INPUT 


Figure 8: Period Counter input Generator 
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ICM7209 

Timebase Generator 

GENERAL DESCRIPTION 

The Intersil ICM7209 is a versatile CMOS clock generator 
capable of driving a number of 5 volt systems with a variety 
of input requirements. When used to drive up to 5 TTL 
gates, the typical rise and fall times are 10ns. 

The iCM7209 consists of an oscillator, a buffered output 
equal to the oscillator frequency and a second buffered out¬ 
put having an output frequency one-eighth that of the oscil¬ 
lator. The guaranteed maximum oscillator frequency is 
10MHz. Connecting the DISABLE terminal to the negative 
supply forces the 8 output into the ‘0’ state and the output 
1 into the ‘1’ state. 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7209IJA 

-20“Cto +85“C 

8 pin CERDIP 

ICM7209IPA 

-20“Cto +85"C 

8 pin PLASTIC 



FEATURES 

• High Frequency Operation — 10MHz Guaranteed 

• Requires Oniy A Quartz Crystai and Two Capacitors 

• Bipoiar, CMOS Compatibiiity 

• High Output Drive Capabiiity — 5XTTL Fanout With 
10ns Rise and Fail Times 

• Low Power —50mW at 10MHz 

• Choice of Two Output Frequencies — Osc., and Osc. 

8 Frequencies 

• Disable Control for Both Outputs 

• Wide Industrial Temperature Range — 20^*0 to + 85°C 



0350-1 Pin 1 is designated by either a 

Figure 1: Functional Diagram ^ 

*Zener Voltage is Typically 6.3 Volts 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.6V Power Dissipation (25‘’C). 300mW 

Output Voltages .Vss - 0.3V to Vqd+ 0.3V Storage Temperature .- 55“C to +125®C 

Input Voltages.Vss - 0.3V to Vqd+ 0-3V Operating Temperature Range .- 20*C to + 85“C 

Lead Temperature (Soldering, 10sec) . 300®C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

(Vdd“Vss= 5V, test circuit, fosc= lOMHz, Ta= 25®C unless otherwise specified.) 


Symbol |_ Parameter _ Test Conditions Min Typ Max Unit 

Supply Current Note 1 11 20 mA 

_ No Load 

Disable Input Capacitance 5 pF 

Disable Input Leakage Either’1’or’0’state ±10 jut A 

Output Low State Either OUT 1 or OUT 8 

_ simulated SxTTL loads _0.4 ^ 

Output High State Either OUT 1 or OUT 8 

_ simulated 5XTTL loads 4.0 4.9 _ 

tp Output Rise Time (Note 3) Either OUT 1 or OUT -j- 8 

simulated 5 x TTL loads 10 

-ns 

Output Fall Time (Note 3) Either OUT 1 or OUT ^ 8 

simulated 5 x TTL loads 10 

Minimum OSC Frequency Note 2 2 

for 8 Output _MHz 

Output ^ 8 duty cycle Any operating frequency 7:9 

__ Low state: High state 

Oscillator Transconductance 80 200 fis 

NOTES: 1. The power dissipation is a function of the oscillator frequency (1st ORDER EFFECT see curve) but is also effected to a small extent by the oscillator 
tank components. 

2. The -^8 circuitry uses a dynamic scheme. As with any dynamic system, information or data is stored on very small nodal capacitances instead of 
latches (static systems) and there is a lower cutoff frequency of operation. Dynamic dividers are used in the ICM7209 to significantly improve high 
frequency performance and to decrease power consumption. 

3 Rise and fall times are defined between the output levels of 0.5 and 2.4 volts. 


>DD 



Test Conditions 

Note 1 
No Load 

Either’1’ or ’0’ state 

Either OUT 1 or OUT-8 
simulated SxTTL loads 

Either OUT 1 or OUT-8 
simulated SXTTL loads 

Either OUT lor OUT-8 
simulated SxTTL loads 

Either OUT 1 or OUT -8 
simulated SXTTL loads 


Any operating frequency 
Low state: High state 


CRYSTAL PARAMETERS: 
Cm * 5inpF 
Rg » 15 ohms 
Co» 3pF 
Cl = lOpF 
f- 10 MHz 


Typ 

Max 

Unit 

11 

20 

mA 

5 


pF 


±10 

jutA 


0.4 

V 

4.9 



10 


HQ 

10 


1 lO 



MHz 

7:9 



200 


^s 



Figure 3: Test Circuit 
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TYPICAL PERFORMANCE CHARACTERISTICS (Vdd-Vss=5V) 


SUPPLY CURRENT AS A FUNCTION 
OF OSCILLATOR FREQUENCY 
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SUPPLY VOLTAGE RANGE FOR 
CORRECT OPERATION OF -8 
COUNTER AS A FUNCTION OF 
OSCILLATOR FREQUENCY. 
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Rise and fall times of OUT ^ 8 are 
similar to those of OUT 1. 


0350-6 


DETAILED DESCRIPTION 

OSCILLATOR CONSIDERATIONS 

The oscillator consists of a CMOS inverter with a non-lin¬ 
ear resistor connected between the oscillator input and out¬ 
put to provide D.C. biasing. Using commercially obtainable 
quartz crystals the oscillator will operate from low frequen¬ 
cies (10kHz) to 10MHz. 

The oscillator circuit consumes about SOOfiA of current 
using a 10MHz crystal with a 5 volt supply, and is designed 
to operate with a high impedance tank circuit. It is therefore 
necessary that the quartz crystal be specified with a load 
capacitance (Cl) of lOpF instead of the standard 30pF. To 
maximize the stability of the oscillator as a function of sup¬ 
ply voltage and temperature, the motional capacitance of 
the crystal should be low (5mpF or less). Using a fixed input 
capacitor of 18pF and a variable capacitor of nominal value 
of 18pF on the output will result in oscillator stabilities of 
typically 1 ppm per volt change in supply voltage. 

THE - 8 OUTPUT 

A dynamic divider is used to divide the oscillator frequen¬ 
cy by 8. Dynamic dividers use small nodal capacitances to 


store voltage levels instead of latches (which are used in 
static dividers). The dynamic divider has advantages in high 
speed operation and low power but suffers from limited low 
frequency operation. This results in a window of operation 
for any oscillator frequency (see TYPICAL PERFORMANCE 
CHARACTERISTICS). 

OUTPUT DRIVERS 

The output drivers consist of CMOS inverters having ac¬ 
tive pullups and puildowns. Thus the outputs can be used to 
directly drive TTL gates, other CMOS gates operating with a 
5 volt supply, or TTL compatible MOS gates. The guaran¬ 
teed fanout Is 5 TTL loads although typical fanout capability 
is at least 10 TTL loads with slightly increased output rise 
and fall times. 

DEVICE POWER CONSUMPTION 

At low frequencies the principal component of the power 
consumption is the oscillator. At high oscillator frequencies 
the major portion of the power is consumed by the output 
drivers, thus by disabling the outputs (activating the DIS¬ 
ABLE INPUT) the device power consumption can be dra¬ 
matically reduced. 
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ICM7215 

6-Digit LED Dispiay 
4-Function Stopwatch 

GENERAL DESCRIPTION 

The ICM7215 is a fully integrated six digit LED stopwatch 
circuit fabricated with Intersil’s low threshold metal gate 
CMOS process. The circuit interfaces directly with a six dig¬ 
it/seven segment common cathode LED display. The low 
battery indicator can be connected to the decimal point an¬ 
ode or to a separate LED. The only components required 
for a complete stopwatch are the display, three SPST 
switches, a 3.2768MHz crystal, a trimming capacitor, three 
AA batteries and an ON-OFF switch. For a two function 
stopwatch, or to add a display off feature, one additional 
slide switch is required. The circuit divides the oscillator fre¬ 
quency by 215 to obtain 100Hz, which is fed to the fractional 
seconds, seconds and minutes counters, while an Interme¬ 
diate frequency Is used to obtain the 1 /6 duty cycle 1.07kHz 
multiplex waveforms. The blanking logic provides leading 
zero blanking for seconds and minutes independently of the 
clock. The ICM7215 is packaged in a 24-lead plastic DIP. 

ORDERING INFORMATION 


Part Number 

Temp. Range 

Package 

ICM7215IPG 

0"Cto +70"C 

24-Pin PLASTIC DIP 

ICM7215/D 

— 

DICE 



FEATURES 

• Four Functions: Start/Stop/Reset, Split, Taylor, Time 
Out 

• Six Digit Display: Ranges Up to 59 Minutes 59.99 
Seconds 

• High LED Drive Current: 13mA Peak Per Segment at 
16.7% Duty Cycle With 4.0 Volt Supply 

• Requires Only Three Low Cost SPST Switches 
Without Loss of Accuracy: Start/Stop, Reset, Display 
Unlock 

• Chip Enable Pin Turns Off Both Segment and Digit 
Outputs; Can Be Used for Multiple Circuits Driving 
One Display 

• Low Battery Indicator 

• Digit Blanking On Seconds and Minutes 

• Wide Operating Range: 2.0 to 5.0 Volts 

• 1kHz Multiplex Rate Prevents Flickering Display 

• Can Be Used Easily In Four Different Single Function 
Stopwatches or Two Two-Function Stopwatches: 
Start/Stop/Reset With Time-out, Split With Taylor. 
The Component Count for A Three- or Four-Function 
Stopwatch Will Be Slightly Greater 

• Retrofit to ICM7205 for Split and/or Taylor 
Applications 


2 INPUTS >H OSC 


LOW 

FREQUENCY 

DIVIDER 


HIGH 

FREQUENCY 

DIVIDER 


MULTIPLEX 

GENERATOR 


DIGIT 

OUTPUTS 




SEGMENT Iv 7 OUTPUTS 
OUTPUTS '5» 


OUTPUT 


OSC outL 1 • 
LSI ANODE C 2 
VDDC 3 
S«gcC 4 
8«gaE 5 
SagaC 6 


24 Jose IN 

23 3 TEST 

22 I] START/STOP 


SagaLs 20 JRESET 

SagdLY 18 JlOths 

SaggEs 17 DlOOtha 

SegbEo leljVss 

Sag f E 10 IS D CHIP ENABLE 


Figure 2: Pin Configuration 
(Outline dwg PG) 


Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd to Vss) .5.5V 

Power Dissipation (Note 1) .0.75W 

Operating Temperature.0®Cto +70*C 


Storage Temperature .-65“Cto+150“C 

Input Voltage .(Vss “0-3V) to (Vqd+0.3V) 

Output Voltage .Vss to Vqd 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: (Ta = +25®C, stopwatch circuit, Vdd=4.0V, Vss= 0V, unless otherwise 
specified.) 


Symbol 


VsUPPLY 


■dd 




Parameter 


Supply Voltage (Vdd-V ss) 


Supply Current 


Test Conditions 



Switch Actuation Current 


•dlk 

Digit Leakage Current 

•SLK 

Segment Leakage Current 

Vlbi 

Low Battery Indicator 

Trigger Voltage 

•lbi 

LBI Output Current 

%TAB 

Oscillator Stability 

9m 

Oscillator Transconductance 

Cosci 

Oscillator Input Capacitance 



Vdd=2.0V,Vlbi = 1.6V 


Vdd= 2.0V to Vdd=5.0V 


Vdd=2.0V 


NOTE: 1. The output devices on the ICM7215 have very low impedence characteristics, especially the digit cathode drivers. If these devices are shorted to a low 
impedance power supply, the current could be as high as 300mA. 
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Figure 3: Stopwatch Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT VS VOLTAGE 



SUPPLY VOLTAGE 


0352-4 


SEGMENT CURRENT VS SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


OSC. STABtLiTY VS SUPPLY VOLTAGE 
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LOW BATTERY INDICATOR (LBI) 
TRIGGER VOLTAGE VS TEMPERATURE 



TEMPERATURE fC) 
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START/STOP ^ 27.65 sec START/STOP START/STOP 
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0352-8 

Figure 4: Start/Stop/Reset Mode 


DETAILED DESCRIPTION 

FUNCTIONAL OPERATION 

Turning on the stopwatch will bring up the reset state with 
the fractional seconds displaying 00 and the other digits 
blanked. This display always indicates that the stopwatch is 
ready to go. 

The display can be turned off in any mode by connecting 
the CHIP ENABLE input to Vdd- 
START/STOP/RESET MODE 

When the MODE input is floating and the DISPLAY input 
is floating or connected to Vqd the circuit is in the Start/ 
Stop/Reset mode. (Figure 4). 

The Start/Stop/Reset mode can be used for single event 
timing in a one-button stopwatch; an additional switch can 
be used to provide an instant reset. To time another event, 
the display must be reset before the start of the event. Sec¬ 
onds will be displayed after one second, minutes after one 
minute. The range of the stopwatch is 59 minutes 59.99 
seconds, and if an event exceeds one hour, the number of 
hours must be remembered by the user. Leading zeroes are 
not blanked after one hour. 

TAYLOR OR SEQUENTIAL MODE 

When the MODE input is connected to Vss. the stop¬ 
watch Is in the Taylor or Sequential mode. (Figure 5). 


Each split time is measured from zero in the Taylor mode; 
i.e., after stopping the watch, the counters reset momentari¬ 
ly and start counting the next interval. The time displayed is 
that elapsed since the last activation of START/STOP. The 
display is stationary after the first interval unless the display 
unlock is used, by connecting the DISPLAY input to Vss. to 
show the running clock. RESET can be used at any time. 

SPLIT MODE 

When the MODE input is connected to Vdd the stop¬ 
watch is in the Split mode. (Figure 6). 

The Split mode differs from the Taylor in that the lap 
times are cumulative In the Split mode. The counters do not 
reset or stop after the first start until RESET is activated. 
Time displayed is the cumulative time elapsed since the first 
start after reset. Display unlock can be used, by connecting 
the DISPLAY input to Vss. to let the display ‘catch up’ with 
the clock, and RESET can be used at any time. 

TIME OUT MODE 

When the MODE input is floating and the DISPLAY input 
is tied to Vss. the stopwatch is in the Time-out mode. (Fig¬ 
ure 7). 

In the Time-out mode the clock and display alternately 
start and stop with activations of the START/STOP switch. 
RESET can be used at any time. The display unlock button 
is bypassed in this mode. 
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Figure 5: Taylor or Sequential Mode 
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Figure 6: Split Mode 
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APPLICATION NOTES 

LOW BATTERY INDICATOR 

The on-chip low battery indicator is Intended for use with 
a small LED or the decimal points on a standard LED dis¬ 
play. The output is the drain of a p-channel transistor two- 
thirds the size of the segment drivers which will typically 
source 2mA of current. The threshold voltage is approxi¬ 
mately 2.5 volts at room temperature. Normal AA type bat¬ 
teries will provide many hours of accurate timekeeping after 
the Indicator comes on, however the wide voltage spread 
between the LBI threshold voltage and minimum operating 
voltage is required to guarantee low battery indication under 
worst case conditions. 

CHIP ENABLE 

The CHIP ENABLE input is used to disable both segment 
and digit drivers without affecting any of the functions of the 
device. When the CHIP ENABLE input is floating or con¬ 
nected to Vss. the display is enabled, and when the tied to 
Vdd the display Is turned off. One example of the many 
possible uses of this feature Is driving one display from two 
ICM7215 devices, one in the split mode and the other in the 
Taylor mode. The circuit. Figure 8, shows how the user can 
obtain lap and cumulative readings of the same event. 
SWITCH CHARACTERISTICS 

The ICM7215 is designed for use with SPST switches 
throughout. On the DISPLAY and RESET inputs the charac¬ 
teristics of the switches are unimportant, since the circuit 
responds to a logic level held for any length of time howev¬ 
er short. Switch bounce on these Inputs does not need to 
be specified. The START/STOP input, however, responds 
to an edge and so requires a switch with less than 1 Sms of 
switch bounce. The bounce protection circuitry has been 
specifically designed to let the circuit respond to the first 
edge of the signal, so as to preserve the full accuracy of the 
system. 



LATCHUP CONSIDERATIONS 


Due to the inherent structure of junction isolated CMOS 
devices, the circuit can be put in a latchup mode if large 
currents are injected into device inputs or outputs. For this 
reason special care should be taken in a system with multi¬ 
ple power supplies to prevent voltages being applied to in¬ 
puts and/or outputs before power is applied to the 7215. If 
only inputs are affected, latchup can also be prevented by 
limiting the current into the input terminal to less than 1 mA. 

OSCILLATOR DESIGN 

The oscillator of the ICM7215 includes ail components on 
chip except the 3.2768MHz crystal and the trimming capaci¬ 
tor. The oscillator input capacitance has a nominal value of 
30pF, and the circuit is designed to work with a crystal with 
a load capacitance of approximately 15pF. If the crystal has 
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characteristics as shown in the Typical Performance Char¬ 
acteristics, an 8 - 40pF trimming capacitor will be adequate 
for a tuning tolerance of ± 30PPM on the crystal. If the crys¬ 
tal’s static capacitance is significantly lower, a narrower 
trimming range may be selected. 

After deciding on a crystal and a nominal load capaci¬ 
tance, take the worst case values of Cjn, Gout and Rs and 
calculate the required by: 

_ ,o^ r n fi I ^0 (Qn + Cout)]^ 

gm-Cjn Cout Rs ^ +— TT-pi - 

L '^in '^out J 

Co=Static capacitance 
Rs=series resistance 
Cjn=input capacitance 
Cout=output capacitance 
ft) = 27r X crystal frequency 

The resulting gm should be less than half the gm specified 
for the device. If it is not, a lower value of crystal series 
resistance and/or load capacitance should be specified. 

OSCILLATOR TUNING 

Tuning can be accomplished by using the 10th or 100th 
seconds with the device reset. The frequency on the cath¬ 


ode should be tuned to 1066.667Hz, which is equivalent to 
a period of 937.5 microseconds. Note that a frequency 
counter cannot be connected directly to the oscillator be¬ 
cause of possible loading. 

TEST 

The TEST Input is used for high speed testing of the de¬ 
vice. When the input is pulsed low, a latch is set which 
speeds up counting by a factor of 32; each pulse on the 
TEST Input rapidly advances both minutes and seconds in a 
parallel mode. To accurately rapid advance the signal ap¬ 
plied to the TEST Input must be free of switch bounce. The 
circuit is taken out of the test mode by using either RESET 
or START/STOP. 

REPLACING THE ICM7205 WITH THE 
ICM7215 

The ICM7215 is designed to be compatible with circuits 
using the ICM7205. If the 7205 is used only in the Split 
mode no changes are required. If the 7205 is used in the 
Taylor mode and the Split-Taylor Input (pin 21) is left open, 
a jumper from pin 21 to Vss nr^ust be added when convert¬ 
ing to the 7215. A jumper may also be needed if the 7205 is 
used with a Split/Taylor switch. Once the jumper has been 
added the board can be used with either device. 
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ICM7216A/B/C/D 

8-Digit Muiti-Function 
Frequency Counter/Timer 

GENERAL DESCRIPTION 

The ICM7216A and B are fully integrated Timer Counters 
with LED display drivers. They combine a high frequency 
oscillator, a decade timebase counter, an 8-decade data 
counter and latches, a 7-segment decoder, digit multiplex¬ 
ers and 8 segment and 8 digit drivers which directly drive 
large multiplexed LED displays. The counter inputs have a 
maximum frequency of 10MHz in frequency and unit coun¬ 
ter modes and 2MHz in the other modes. Both inputs are 
digital inputs. In many applications, amplification and level 
shifting will be required to obtain proper digital signals for 
these inputs. 

The ICM7216A and B can function as a frequency coun¬ 
ter, period counter, frequency ratio (fA/fe) counter, time in¬ 
terval counter or as a totalizing counter. The counter uses 
either a 10MHz or 1 MHz quartz crystal timebase. For period 
and time interval, the 10MHz timebase gives a 0.1 jlls reso¬ 
lution. In period average and time interval average, the res¬ 
olution can be in the nanosecond range. In the frequency 
mode, the user can select accumulation times of 0.01 sec, 
0.1 sec, 1 sec and 10 sec. With a 10 sec accumulation time, 
the frequency can be displayed to a resolution of 0.1Hz in 
the least significant digit. There is 0.2 seconds between 
measurements in all ranges. 

The ICM7216C and D function as frequency counters 
only, as described above. 

All versions of the ICM7216 incorporate leading zero 
blanking. Frequency is displayed in kHz. In the ICM7216A 
and B, time is displayed in jus. The display is multiplexed at 
500Hz with a 12.2% duty cycle for each digit. The 
ICM7216A and C are designed for common anode display 
with typical peak segment currents of 25mA. The ICM7216B 
and D are designed for common cathode displays with typi¬ 
cal peak segment currents of 12mA. In the display off 
mode, both digit and segment drivers are turned off, en¬ 
abling the display to be used for other functions. 

ORDERING INFORMATION 



FEATURES 

ALL VERSIONS: 

• Functions as a Frequency Counter (DC to 10MHz) 

• Four Internal Gate Times: 0.01 Sec, 0.1 Sec, 

1 Sec, 10 Sec in Frequency Counter Mode 

• Directly Drives Digits and Segments of Large 
Multiplexed LED Displays (Common Anode and 
Common Cathode Versions) 

• Single Nominal 5V Supply Required 

• Highly Stable Oscillator, Uses 1MHz or 10MHz 
Crystal 

• Internally Generated Decimal Points, interdigit 
Blanking, Leading Zero Blanking and Overflow 
Indication 

• Display Off Mode Turns Off Display and Puts Chip 
Into Low Power Mode 

• Hold and Reset Inputs for Additional Flexibility 

ICM7216A AND ICM7216B 

• Functions Also as a Period Counter, Unit Counter, 
Frequency Ratio Counter or Time Interval Counter 

• 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles in 
Period, Frequency Ratio and Time interval Modes 

• Measures Period From O.Sjas to 10s 

ICM7216C AND ICM7216D 

• Decimal Point and Leading Zero Blanking May Be 
Externally Selected 


Part Number 

Temperature Range 

Package 

ICM7216AIJI 

-25‘’Cto -1-85‘’C 

28 pin CERDIP 

ICM7216BIPI 

-25“Cto +85"C 

28 pin PLASTIC DIP 

ICM7216BIJI 

-25X10 +85X 

28 pin CERDIP 

ICM7216CIJI 

-25Xto +85X 

28 pin CERDIP 

ICM7216DIPI 

-25Xto +85X 

28 pin PLASTIC DIP 

ICM7216DIJI 

-25Xto +85X 

28 pin CERDIP 
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ICM7216C/OONLY. 

0353-1 

Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Maximum Supply Voltage (VdD“Vss) .6.5V note: Stresses above those listed under "Absolute Maximum Ratings" 

Maximum Digit Output Current. 400mA ^4/ cause permanent damage to the device. These are stress ratings only 

Maximum Segment Output Current.60mA functional operation of the device at these or any other conditions 

Voltaae On Any I nput or above those indicated in the operational sections of the specifications Is not 

.+ Ml A/ _L A o\ A A/ A OVA Implied. Exposure to absolute maximum rating conditions for extended peri- 

Output TemninaKl] . (Vqd + 0.3 V) to (Vss-0.3 V) Ods may affect de^ reliability. 

Maximum Power Dissipation at 

70*0. 1.0W(ICM7216A&C) 

0.5W (ICM7216B & D) 

Operating Temperature Range .-25“Cto+85*0 

Storage Temperature Range.-OS^Cto +150®C 

Lead Temperature (Soldering, 10sec) . 300*C 

Note: 1. The ICM7216 may be triggered into a destructive latchup mode if either input signals are applied before the power supply is applied or if input or outputs 
are forced to voltages exceeding Vdd to Vss by than 0.3 volts. 


CONTROL INPUT [ 
INPUT bC 
FUNCTION INPUT ( 
DECIMAL POINT OUTPUT [ 
SEGE OUTPUT ( 
SEGG OUTPUT C 
SEGA OUTPUT C 

Vss C 

SEG 0 OUTPUT C 
SEG B OUTPUT [ 
SEG C OUTPUT C 
SEG F OUTPUT C 
RISItinput C 

RANGE INPUT C 


CONTROL INPUT C 1 
MEASUREMENT lH PRSCRES C 2 
DECIMAL POINT OUTPUT C 3 
SEG E OUTPUT C 4 
SEGG OUTPUT C 5 
SEG A OUTPUT C 6 

VssC 7 
SEG 0 OUTPUT C 8 
SEG B OUTPUT C 9 
SEG C OUTPUT C 10 
SEG F OUTPUT C 11 
Reset INPUT c 12 
EX. D.P. INPUT C 13 
RANGE INPUT C 14 



28 

□ input A 

CONTROL INPUT C 


28 

2 

27 

□ hold input 

INPUT BC 

2 

27 

3 

26 

Dose OUTPUT 

FUNCTION INPUT C 

3 

26 

4 

25 

Dose INPUT 

DIGIT 1 OUTPUT C 

4 

25 

5 

24 

D EXT OSC INPUT 

digit 3 OUTPUT C 

5 

24 

6 

23 

D DIGIT 1 OUTPUT 

DIGIT 2 OUTPUT C 

6 

23 

7 ICM7216A 

22 

□ digit 2 OUTPUT 

DIGIT 4 OUTPUT C 

7 ICM7216B 

22 

8 

21 

□ digit 3 OUTPUT 

VssC 

8 

21 

9 

20 

□ digit 4 OUTPUT 

DIGIT 5 OUTPUT C 

9 

20 

10 

19 

□ digit 5 OUTPUT 

DIGIT 6 OUTPUT C 

10 

19 

11 

18 

Dvoo 

DIGIT 7 OUTPUT C 

11 

18 

12 

17 

□ digit 6 OUTPUT 

DIGIT 8 OUTPUT C 

12 

17 

13 

16 

□ digit 7 OUTPUT 

RESET INPUT C 

13 

16 

14 

15 

□ digit 8 OUTPUT 

RANGE INPUT C 

14 

15 


28 J INPUT A 

27 □ HOLD INPUT 

26 Hose OUTPUT 

25 Dose INPUT 

24 D EXT OSC INPUT 

23 D decimal POINT OUTPUT 

22 D SEGG OUTPUT 

21 DSEGE OUTPUT 

20 D SEG A OUTPUT 

19 D SEG D OUTPUT 

18 DVdD 

17 D SEG B OUTPUT 
16 D SEG C OUTPUT 
15 D SEG F OUTPUT 
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, ^ 

28 

□ input A 

CONTROL INPUT C 


28 

□ INPUT A 

2 

27 

□ HOLD INPUT i 

MEASUREMENT IN PROGRESS C 

2 

27 

□ hold input 

3 

26 

□ OSC OUTPUT 

DIGIT 1 OUTPUT C 

3 

26 

□ DSC OUTPUT 

4 

25 

□ OSC INPUT 

DIGIT 3 OUTPUT C 

4 

25 

□ OSC INPUT 

5 

24 

□ EXT OSC INPUT 

DIGIT 2 OUTPUT C 

5 

24 

□ EXT OSC INPUT 

6 

23 

□ DIGIT 1 OUTPUT 

DIGIT 4 OUTPUT C 

6 

23 

□ DECIMAL POINT OUTPUT 

7 ICM7216C 

22 

□ digit 2 OUTPUT 

VssC 

7 ICM7216D 

22 

□ SEG G OUTPUT 

8 

21 

□ DIGIT 3 OUTPUT 

DIGIT 6 OUTPUT C 

8 

21 

□ SEG E OUTPUT 

9 

20 

□ digit 4 OUTPUT 

DIGIT 6 OUTPUT C 

9 

20 

□ SEG A OUTPUT 

10 

19 

□ digit 5 OUTPUT 

DIGIT 7 OUTPUT C 

10 

19 

□ SEG D OUTPUT 

11 

18 

□ Voo 

DIGIT 8 OUTPUT C 

11 

18 

□ VOD 

12 

17 

□ digit 6 OUTPUT 

RESET INPUT C 

12 

17 

□ SEG B OUTPUT 

13 

16 

□ digit 7 OUTPUT 

EX.O.P. INPUT C 

13 

16 

□ SEG C OUTPUT 

14 

15 

□ digit 8 OUTPUT 

RANGE INPUT C 

14 

15 

□ SEG F OUTPUT 
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Figure 2: Pin Configurations 





EVALUATION KIT 

The ICM7226 Universal Counter System has all of the 
features of the ICM7216 plus a number of additional fea> 
tures. The ICM7226 Evaluation Kit consists of the 
ICM7226AIJL (Common Anode LED Display), a 10MHz 


quartz crystal, eight 7 segment 0.3" LED’s, P.C. board, re¬ 
sistors, capacitors, diodes, switches, socket: everything 
needed to quickly assemble a functioning ICM7226 Univer¬ 
sal Counter System. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (ICM7216A/B) 

(Vdd=5.0V, Vss=0, Ta= 25‘’C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

ICM7216A/B 





2 

5 

mA 


Supply Voltage Range (Vdd-V ss) 

INPUT A, 

INPUT B Frequency at f^ax 

4.75 


6.0 

V 


Maximum Frequency 

INPUT A, Pin 28 

Figure 3, 

Function = Frequency, Ratio, Unit 
Counter 

Function=Period, Time Interval 


■ 

1 


fB(max) 

Maximum Frequency 

INPUT B, Pin 2 

Figure 4 

2.5 



MHz 


Minimum Separation 

INPUT A to INPUTS 

Time Interval Function 

Figure 5 

250 



ns 

fosc 

Maximum Osc. Freq, and Ext. 

Osc. Frequency 


10 



MHz 


Minimum Ext. Osc. Freq. 




100 

kHz 


Oscillator Transconductance 

Vdd = 4.75V,Ta=+85“C 

2000 



fJLS 


Multiplex Frequency 

fosc=10I^Hz 




Hz 


Time Between Measurements 

fosc = 10MHz 




ms 

V|NL 

V|NH 

Input Voltages: 

Pins 2,13,25,27,28 

Input Low Voltage 

Input High Voltage 


3.5 


1.0 

V 

V 

IBI 

Input Resistance to Vqd 

Pins 13,24 

Vin==Vdd“1*ov 

100 

400 

■ 

kfl 

HHI 

input Leakage 

Pin 27,28,2 







Input Range of Change 

Supplies Well Bypassed 


15 


mV//jts 

ICM7216A 


Digit Driver: 

Pins 15,16,17,19,20,21,22,23 

High Output Current 

Low Output Current 

Vout=Vdd-2.ov 

VoUT = Vss+1-0V 




H 

lOL 

•oh 

Segment Driver: 

Pins 4,5,6,7,9,10,11,12 

Low Output Current 

High Output Current 

Vqut^Vss+I-SV 

V0UT=Vdd-2.5V 




H 

V|NL 

V|NH 

Rin 

Multiplex Inputs: 

Pins 1,3,14 

Input Low Voltage 

Input High Voltage 

Input Resistance to Vss 

V|N = Vss + 1-0V 

2.0 

50 

100 

0.8 

V 

V 
kn 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (ICM7216A/B) 

(Vdd=5.0V, Vss=0, Ta= 25“C, unless otherwise specified.) (Continued) 



Parameter 

Test Conditions 

Min 

Typ 

Max 


ICM7216B 

lOL 

Iqh 

Digit Driver: 

Pins 4,5,6,7,9,10,11,12 

Low Output Current 

High Output Current 

Vout=Vss+1-3V 

VouT==Vdd“2.5V 

50 

75 

-100 


mA 

jaA 

Iqh 

ISLK 

Segment Driver: 

Pins 15,16,17,19,20,21,22,23 
High Output Current 

Leakage Current 

> > 
o in 
cvi c\i 

I I 

Q Q 

> > 

il II 

-10 


10 

mA 

jixA 

V|NL 

V|NH 

Rin 

Multiplex Inputs: 

Pins 1,3,14 

Input Low Voltage 

Input High Voltage 

Input Resistance to Vqd 

V|N = Vdd-2.5V 

Vdd~0-8 

100 

360 


V 

V 

ka 


ELECTRICAL CHARACTERISTICS (ICM7216C/D) 

(V0d=5.OV, Vss = 0, Ta = 25‘’C, unless otherwise specified.) 


Symboi 

Parameter 

Test Conditions 

Min 




iCM7216C/D 

Idd 

Operating Supply Current 

Display Off, Unused Inputs to Vss 


2 

5 

mA 

VSUPPLY 

Supply Voltage Range (Vqd-Vss) 

INPUT A 

Frequency at fmax 

4.75 


6.0 

V 

U(max) 

Maximum Frequency 

INPUT A, Pin 28 

Figure 3 

10 



MHz 

fosc 

Maximum Osc. Freq. and Ext. 

Osc. Frequency 


10 



MHz 

fosc 

Minimum Ext. Osc. Freq. 




100 

kHz 

9m 

Oscillator Transconductance 

Vdd = 4.75V,Ta=+85“C 

2000 



juS 

fmux 

Multiplex Frequency 

fosc= 10MHz 


500 


Hz 


Time Between Measurements 

fosc = 10MHz 


200 


ms 

V|NL 

V|NH 

Input Voltages: 

Pins 12,27,28 

Input Low Voltage 

Input High Voltage 


3.5 


1.0 

V 

V 

R|N 

Input Resistance to Vqd 

Pins 12,24 

Vin=Vdd-i.ov 

100 

400 


ka 

l|LK 

Input Leakage 

Pin 27, Pin 28 




20 

fxA 

•OL 

Output Current 

Pin 2 

Vol=+-4V 

0.36 



mA 

Iqh 

Voh = Vdd-0.8V 

265 



juA 

dV|N/dt 

Input Rate 
of Change 

Supplies Weil Bypassed 


15 


mV/jLts 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (ICM7216C/D) 

(Vdd=5.0V ±5%, Vss=Oi Ta= 25‘’C, unless otherwise specified.) (Continued) 


Symbol 

Parameter 

Test Conditions 



Max 

Units 

ICM7216C 


Digit Driver: 

Pins 15,16,17,19,20,21,22,23 
High Output Current 

Low Output Current 

VoUT=Vdd“2.0V 

VoUT=Vss+10V 

-140 

-180 

0.3 


H 

Iql 

Iqh 

Segment Driver: 

Pins 3,4,5,6,8,9,10,11 

Low Output Current 

High Output Current 

VoUT=Vss+1-5V 

V0UT=Vdd-2.5V 

20 

30 

-100 


H 

ViNL 

V|NH 

R|N 

Multiplex Inputs: 

Pins 1,13,14 

Input Low Voltage 

Input High Voltage 

Input Resistance to Vss 

V|N=+1.0V 

2.0 

50 

100 

0.8 


ICM7216D 

Iql 

Iqh 

Digit Driver: 

Pins 3,4,5,6,8,9,10,11 

Low Output Current 

High Output Current 

VoUT= + 1.3V 
Vout=Vdd~2.5V 

50 

75 

100 



Iqh 

ISLK 

Segment Driver: 

Pins 15,16,17,19,20,21,22,23 
High Output Current 

Leakage Current 

VoUT = Vdd~2.0V 
V0UT=Vdd-2.5V 

10 

15 

10 

mA 

fxA 

ViNL 

V|NH 

Rin 

Multiplex Inputs: 

Pins 1,13,14 
input Low Voltage 

Input High Voltage 

Input Resistance to Vqd 

Vin=Vdd“'I-0V 

Vdd“0-8 

100 

360 

Vdd-2.0 

H 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

ICM7216A & C Typical Iqig vs. Vdd ~ Vout> 

4.5^Vdd^6.0V 


ICM7216B & D Typical Iseg vs. Vqd - Vqut. 
4.5^Vdd^6.0V 


300 


200 

I 

s 

_Q 

100 


Vdd - VouT (VOLTS) 

0353-6 




VouT (VOLTS) 
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iCM7216B & D Typical Idigit vs. Vqut 



Hi 

m 


m 

m 

■ 



m 

ijnim 

H 


0 12 3 

VouT <VOLTS> 


(a) 



(b) 
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TIME INTERVAL MEASUREMENT 

The ICM7216A/B can be used to accurately measure the 
time interval between two events. With a 10MHz time-base 
crystal, the time between the two events can be as long as 
ten seconds. Accurate resolution in time interval measure¬ 
ment is 100ns. 

The feature operates with Channel A going low at the 
start of the event to be measured, followed by Channel B 
going low at the end of the event. 

When in the time interval mode and measuring a single 
event, the ICM7216A/B must first be “primed” prior to mea¬ 
suring the event of interest. This is done by first generating 
a negative going edge on Channel A followed by a negative 
going edge on Channel B to start the “measurement inter¬ 
val.” The inputs are then primed ready for the measure¬ 
ment. Positive going edges on A and B, before or after the 
priming, will be needed to restore the original condition. 



Following the priming procedure (when in single event or 
1 cycle range input) the device is ready to measure one 
(only) event. 

When timing repetitive signals. It is not necessary to 
“prime” the ICM7216A/B as the first alternating signal 
states automatically prime the device. See Figure 5. 

During any time interval measurement cycle, the 
ICM7216A/B requires 200ms following B going low to up¬ 
date all internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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NOTE: IF RANGE IS SET TO 1 EVENT, FIRST AND LAST MEASURED INTERVAL WILL COINCIDE. 

Figure 6: Waveforms for Time Intervai Measurement 
(Others are simiiar, but without priming phase). 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 


14-44 


















ICM7216A/B/C/D 


^DIFiinnii^DIL 


a 

f| g |b 



0 

1 


d 
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2 

3 

S 

5 

S 

1 

8 

3 


Overflow will be indicated on the decimal point output of digit 8. 

A separate LED overflow indicator can be connected as foliows: 

Cathode 

Anode 

0353-17 



ICM7216A/C 

DEC. PT. 

Ds 



ICM7216B/D 

Ds 

DEC. PT. 



Figure 8: Segment Identification and Display Font 




DETAILED DESCRIPTION 
INPUTS A and B 

INPUTS A and B are digital inputs with a typical switching 
threshold of 2.0V at Vdd=5.0V. For optimum performance 
the peak-to-peak input signal should be at least 50% of the 
supply voltage and centered about the switching voltage. 
When these Inputs are being driven from TTL logic, It is 
desirable to use a pullup resistor. The circuit counts high to 
low transitions at both Inputs. (INPUT B Is available only on 
ICM7216A/B). 

Note: The amplitude of the input should not exceed the supply, othen/vise, 
the circuit may be damaged. 

Multiplexed Inputs 

The FUNCTION, RANGE, CONTROL and EXTERNAL 
DECIMAL POINT inputs are time multiplexed to select the 
Input function desired. This is achieved by connecting the 
appropriate Digit driver output to the inputs. The input func¬ 
tion, range and control inputs must be stable during the last 
half of each digit output, (typically 125juis). The multiplex 
Inputs are active high for the common anode ICM7216A 
and C and active low for the common cathode ICM7216B 
and D. 

Noise on the multiplex inputs can cause improper opera¬ 
tion. This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 
drivers can be capacitively coupled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
lOkn resistor should be placed in series with the multiplex 
inputs as shown in the application circuits. 

Table 1 shows the functions selected by each digit for 
these inputs. 


CONTROL INPUT Functions 

Display Test — All segments are enabled continuously, 
giving a display of all 8 ’s with decimal points. The display 
will be blanked if Blank Display is selected at the same time. 

Display Off — To disable the drivers, it is necessary to 
tie D 4 to the CONTROL INPUT and have the HOLD input at 
Vdd- The chip will remain in this “Display Off” mode until 
HOLD is switched back to Vss- While in the “Display Off” 
mode, the segment and digit driver outputs are open, the 
oscillator continues to run with a typical supply current of 
1.5mA with a 10MHz crystal, and no measurements are 
made. In addition, inputs to the multiplexed inputs will have 
no effect. A new measurement is initiated when the HOLD 
input is switched to Vss- Segment and Digit Drive outputs 
may thus be bussed to drive a common display (up to 6 
circuits). 

1MHz Select —The 1MHz select mode allows use of a 
1 MHz crystal with the same digit multiplex rate and time 
between measurements as with a 10MHz crystal. The deci¬ 
mal point Is also shifted one digit to the right In Period and 
Time interval, since the least significant digit will be in jus 
increments rather than 0 . 1 /ms increments. 

External Oscillator Enable — In this mode the EXTER¬ 
NAL OSCILLATOR INPUT is used instead of the on-chip 
oscillator for TImebase Input and Main Counter input In pe¬ 
riod and time Interval modes. The on-chip oscillator will 
continue to function when the external oscillator is selected. 
The external oscillator input frequency must be greater than 
100kHz or the chip will reset itself to enable the on-chip 
oscillator. OSCIIIator INPUT (pin 25) must also be connect¬ 
ed to EXT.OSC. input when using EXT.OSC. input. 

External Decimal Point Enable —When external deci¬ 
mal point is enabled a decimal point will be displayed when¬ 
ever the digit driver connected to EXTERNAL DECIMAL 
POINT input is active. Leading Zero Blanking will be dis¬ 
abled for all digits following the decimal point (7216C/D 
only). 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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RANGE INPUT 

The RANGE INPUT selects whether the measurement is 
made for 1 , 10 , 100 , 1000 counts of the reference counter. 
In all functional modes except unit counter a change in the 
RANGE INPUT will stop the measurement in progress with¬ 
out updating the display and then initiate a new measure¬ 
ment. This prevents an erroneous first reading after the 
RANGE INPUT is changed. 

Table 1: Multiplexed Input Functions 



Function 

Digit 

FUNCTION INPUT 

Frequency 

Di 

Pin 3 

Period 

Ds 

(ICM7216A&B 

Only) 

Frequency Ratio 

D 2 

Time Interval 

Ds 


Unit Counter 

D4 


Oscillator 

Frequency 

D3 

RANGE INPUT 

.01 sec /1 Cycle 

Di 

Pin 14 

.1 sec/10 Cycles 

D 2 


1 sec/100 Cycles 

D3 


10 sec/IK Cycles 

D4 

CONTROL INPUT 

Blank Display 

D 4 and Hold 

Pinl 

Display Test 

Ds 


1 MHz Select 

D 2 


External Oscillator 

Di 


Enable 

External Decimal 
Point Enable 

D 3 

EXT. D.P. INPUT 

Decimal point is output for same 

Pin 13, ICM7216C 

digit that Is connected to 

& D Only 

this input 



FUNCTION INPUT 


The six functions that can be selected are: Frequency, 
Period, Time Interval, Unit Counter, Frequency Ratio 
and Oscillator Frequency. This input is available on the 
ICM7216A and B only. 

These functions select which signal is counted Into the 
Main Counter and which signal is counted by the Reference 
Counter, as shown in Table 2. In all cases, only 1 0 tran¬ 

sitions are counted or timed. In time interval, a flip-flop Is 
toggled first by a 1 -^0 transition of INPUT A and then by a 
1 —► 0 transition of INPUT B. The oscillator is gated into the 
Main Counter from the time INPUT A toggles the flip-flop 
until INPUT B toggles it. In unit counter mode, the main 
counter contents are continuously displayed. A change in 
the FUNCTION INPUT will stop the measurement in prog¬ 
ress without updating the display and then initiate a new 
measurement. This prevents an erroneous first reading after 
the FUNCTION INPUT is changed. 


Table 2:7216A/B Input Routing 


Description 

Main Counter 

Reference 

Counter 

Frequency (fA) 

Input A 

100 Hz (Oscillator 
-105 or 104) 

Period (tA) 

Oscillator 

Input A 

Ratio (fA/fe) 

Input A 

Input B 

Time Interval 
(A-^B) 

Osc*(Time 
Interval FF) 

Time Interval FF 

Unit Counter 
(Count A) 

Input A 

Not Applicable 

Osc. Freq. 

(^osc) 

Oscillator 

100 Hz (Oscillator 
- 105 or 104) 


EXTernal DECimal Point INput 

When the external decimal point is selected this input is 
active. Any of the digits, except Da, can be connected to 
this point. Da should not be used since it will override the 
overflow output and leading zeros will remain unblanked af¬ 
ter the decimal point. This input is available on the 
ICM7216C and D only. 

HOLD Input — Except in the unit counter mode, when 
the HO LD Inpu t is at Vqd. any measurement in progress 
(before STORE goes low) is stopped, the main counter is 
reset and the chip is held ready to initiate a new measure¬ 
ment as soon as HOLD goes low. The latches which hold 
the main counter data are not updated, so the last complete 
measurement is displayed. In unit counter mode when 
HOLD input is at VpD, the counter is not stopped or reset, 
but the display is frozen at that instantaneous value. When 
HOLD goes low the count continues from the new value in 
the counter. 

RESET Input — The RESET input resets the main coun¬ 
ter, stops any measurement in progress, and enables the 
main counter latches, resulting in an all zero output. A ca¬ 
pacitor to ground will prevent any hang-ups on power-up. 

DISPLAY CONSIDERATIONS 

The display is multiplexed at a 500Hz rate with a digit time 
of 244 jLis. An interdigit blanking time of 6 jms is used to 
prevent ghosting between digits. The decimal point and 
leading zero blanking assume right hand decimal point dis¬ 
plays, and zeros following the decimal point will not be 
blanked. Also, the leading zero blanking will be disabled 
when the Main Counter overflows. Overflow is indicated by 
the decimal point on digit 7 turning on. 

The ICM7216A and C are designed to drive common an¬ 
ode LED displays at peak current of 25mA/segment, using 
displays with Vf=1.8V at 25mA. The average DC current 
will be over 3mA under these conditions. The ICM7216B 
and D are designed to drive common cathode displays at 
peak current of 15mA/segment using displays with 
Vf==1.8V at 15mA. Resistors can be added in series with 
the segment drivers to limit the display current in very effi¬ 
cient displays, if required. The Typical Performance Charac¬ 
teristics curves show the digit and segment currents as a 
function of output voltage. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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To get additional brightness out of the displays, Vdq may 
be increased up to 6.0V. However, care should be taken to 
see that maximum power and current ratings are not ex¬ 
ceeded. 

The segment and digit outputs in ICM7216’s are not di¬ 
rectly compatible with either TTL or CMOS logic when driv¬ 
ing LEDs. Therefore, level shifting with discrete transistors 
may be required to use these outputs as logic signals. 

ACCURACY 

In a Universal Counter crystal drift and quantization ef¬ 
fects cause errors. In frequency, period and time intervai 
modes, a signal derived from the oscillator is used in either 
the Reference Counter or Main Counter. Therefore, In these 
modes an error in the oscillator frequency will cause an 
identical error In the measurement. For Instance, an oscilla¬ 
tor temperature coefficient of 20ppm/®C will cause a mea¬ 
surement error of 20ppm/“C. 

In addition, there is a quantization error inherent in any 
digital measurement of ± 1 count. Clearly this error is re¬ 
duced by displaying more digits. In the frequency mode the 
maximum accuracy is obtained with high frequency inputs 
and in period mode maximum accuracy is obtained with low 
frequency inputs. As can be seen in Figure 9, the least ac¬ 
curacy will be obtained at 10kHz. in time intervai measure¬ 
ments there can be an error of 1 count per interval. As a 
result there is the same inherent accuracy in ail ranges as 
shown in Figure 10. in frequency ratio measurement can 
be more accurately obtained by averaging over more cycles 
of INPUT B as shown in Figure 11. 



FREQUENCY (Hz) 
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Figure 9: Maximum Accuracy of Frequency and 
Period Measurements Due to Limitations of 
Quantization Errors 



0353-19 

Figure 10: Maximum Accuracy of Time Intervai 
Measurement Due to Limitations of 
Quantization Errors 
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Figure 11: Maximum Accuracy for Frequency 
Ratio Measurement Due to Limitation of 
Quantization Errors 
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CIRCUIT APPLICATIONS 

The ICM7216 has been designed for use in a wide range 
of Universal and Frequency counters. In many cases, pre¬ 
scalers will be required to reduce the input frequencies to 
under 10MHz. Because INPUT A and INPUT B are digital 
inputs, additional circuitry is often required for input buffer¬ 
ing, amplification, hysterisis, and level shifting to obtain a 
good digital signal. 


The ICM7216A or B can be used as a minimum compo¬ 
nent complete Universal Counter as shown in Figure 12. 
This circuit can use input frequencies up to 10MHz at IN¬ 
PUT A and 2MHz at INPUT B. If the signal at INPUT A has a 
very low duty cycle It may be necessary to use a 74LS121 
monostable multivibrator or similar circuit to stretch the In¬ 
put pulse width to be able to guarantee that it is at least 
50ns in duration. 
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Figure 13:40MHz Frequency Counter 


To measure frequencies up to 40MHz the circuit of Figure 
13 can be used. To obtain the correct measured value, it is 
necessary to divide the oscillator frequency by four as well 
as the input frequency. In doing this the time between mea¬ 
surements is also lengthened to 800ms and the display mul¬ 
tiplex rate is decreased to 125Hz. 

If the input frequency is prescaled by ten, then the oscilla¬ 
tor can remain at 10 or 1 MHz, but the decimal point must be 
moved one digit to the right. Figure 14 shows a frequency 
counter with a ^10 prescaler and an ICM7216C. Since 


there is no external decimal point control with the 
ICM7216A/B, the decimal point may be controlled external¬ 
ly with additional drivers as shown in Figure 15. Alternative¬ 
ly, if separate anodes are available for the decimal points, 
they can be wired up to the adjacent digit anodes. Note that 
there can be one zero to the left of the decimal point since 
the internal leading zero blanking cannot be changed In 
Figure 16 additional logic has been added to count the input 
directly in period mode for maximum accuracy. In Figures 
14 through 16, INPUT A comes from Qc of the prescaler 
rather than Qq to obtain an input duty cycle of 40%. 
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Figure 14:100MHz Frequency Counter 


OSCILLATOR CONSIDERATIONS 

The oscillator is a high gain CMOS inverter. An external 
resistor of lOMU to 22Mn should be connected between 
the oscillator INPUT and OUTPUT to provide biasing. The 
oscillator Is designed to work with a parallel resonant 
10MHz quartz crystal with a static capacitance of 22pF and 
a series resistance of less than 35 ohms. 

For a specific crystal and load capacitance, the required 
gm can be calculated as follows: 

9nn~ Qn Gout Rs ^ 1 ^ 


where Cl= 


^in^out ') 
Qn“*"Cout/ 


Co=Crystal Static Capacitance 
Rs=Crystal Series Resistance 
Cin= Input Capacitance 
Cout=Output Capacitance 
a) = 27rf 

The required gm should not exceed 50% of the gm speci¬ 
fied for the ICM7216 to insure reliable startup. The Oscilla¬ 
tor INPUT and OUTPUT pins each contribute about 5pF to 


Cm and Cout- For maximum stability of frequency, Cjn and 
Cout should be approximately twice the specified crystal 
static capacitance. 

In cases where non decade prescalers are used it may be 
desirable to use a crystal which is neither 10MHz or 1MHz. 
In that case both the multiplex rate and time between mea¬ 
surements will be different. The multiplex rate is 

^mux = ^ for 10MHz mode and fmux = ^^e 

2 X1 04 2 X1 03 

2X106 

1MHz mode. The time between measurements is —-in 


the 10MHz mode and ■ 


■ in the 1MHz mode. 


The crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup from 
other signals. Coupling from the EXTERNAL OSCILLATOR 
INPUT to the OSCILLATOR OUTPUT or INPUT can cause 
undesirable shifts in oscillator frequency. 
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ICM7217/ICM7227 

4-Digit LED Dispiay Programmabie 
Up/Down Counter 



GENERAL DESCRIPTION 

The ICM7217 and ICM7227 are four digit, presettable up/ 
down counters, each with an onboard presettable register 
continuously compared to the counter. The ICM7217 ver¬ 
sions are intended for use in hardwired applications where 
thumbwheel switches are used for loading data, and simple 
SPOT switches are used for chip control. The ICM7227 ver¬ 
sions are for use in processor-based systems, where pre¬ 
setting and control functions are performed under proces¬ 
sor control. 

These circuits provide multiplexed 7 segment LED display 
outputs, with common anode or common cathode configu¬ 
rations available. Digit and segment drivers are provided to 
directly drive displays of up to 0.8" character height (com¬ 
mon anode) at a 25% duty cycle. The frequency of the on¬ 
board multiplex oscillator may be controlled with a single 
capacitor, or the oscillator may be allowed to free run. Lead¬ 
ing zeros can be blanked. The data appearing at the 7 seg¬ 
ment and BCD outputs is latched; the content of the coun¬ 
ter is transferred into the latches under external control by 
means of the Store pin. 

The ICM7217/7227 (common anode) and ICM7217A/ 
1211k (common cathode) versions are decade counters, 
providing a maximum count of 9999, while the ICM7217B, 
7227B (common anode) and ICM7217C/7227C (common 
cathode) are intended for timing purposes, providing a maxi¬ 
mum count of 5959. 


FEATURES 

• Four Decade, Presettable Up-Down Counter With 
Parallel Zero Detect 

• Settable Register With Contents Continuously 
Compared to Counter 

• Directly Drives Muitiplexed 7 Segment Common 
Anode or Common Cathode LED Dispiays 

• On-Board Muitipiex Scan Osciilator 

• Schmitt Trigger On Count Input 

• TTL Compatible BCD I/O Port, Carry/Borrow, Equal, 
and Zero Outputs 

• Display Blank Control for Lower Power Operation; 
Quiescent Power Dissipation <5mW 

• Ali Terminais Fuily Protected Against Static 
Discharge 

• Single 5V Supply Operation 

These circuits provide 3 main outputs; a CARRY/BOR- 
R OW ou tput, which allows for direct cascading of counters, 
a Z ERO ou tput, which indicates when the count is zero, and 
an EQUAL output, which indicates when the count is equal 
to the value contained in the register. Data is muitiplexed to 
and from the device by means of a three-state BCD I/O 
port. The CARRY/BORROW, EQUAL, ZERO outputs, and 
the BCD port will each drive one standard TTL load. 

To permit operation In noisy environments and to prevent 
multiple triggering with slowly changing inputs, the count in¬ 
put Is provided with a Schmitt trigger. 

Input frequency Is guaranteed to 2MHz, although the de¬ 
vice will typi cally run with fjn as high as 5MHz. Counting and 
comparing (EQUAL output) will typically run 750kHz maxi¬ 
mum. 


ORDERING INFORMATION 


Part 

Temperature 

Package 

Dispiay 

Count Option 

Number 

Range 

Option 

Max Count 

ICM7217IJI 

-25"Cto -l-85‘’C 

28 Lead CERDIP 

Common Anode 

Decade/9999 

ICM7217AIPI 

-25‘’C to +85"C 

28 Lead PLASTIC 

Common Cathode 

Decade/9999 

ICM7217BIJI 

-25‘’Cto +85°C 

28 Lead CERDIP 

Common Anode 

Timer/5959 

ICM7217CIPI 

-25°Cto +85“C 

28 Lead PLASTIC 

Common Cathode 

Timer/5959 

ICM7227IJI 

-25°Cto +85‘‘C 

28 Lead CERDIP 

Common Anode 

Decade/9999 

ICM7227AIPI 

-25°Cto -l-85‘’C 

28 Lead PLASTIC 

Common Cathode 

Decade/9999 

ICM7227BIJI 

-25"Cto +85“C 

28 Lead CERDIP 

Common Anode 

Timer/5959 

ICM7227CIPI 

-25"Cto +85"C 

28 Lead PLASTIC 

Common Cathode 

Timer/5959 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd Vss).6V 

Input Voltage (any terminal) —. (Vqd + 0.3V to 

Vss - 0.3V) Note 2 

Power Dissipation (common anode/Cerdip) .... 1W Note 1 


Power Dissipation (common cathode/Plastic).0.5W 


Note 1 

Operating Temperature Range .-25“Cto+85‘’C 

Storage Temperature Range.-65“Cto+150“C 

Lead Temperature (Soldering, 10sec) . 300“C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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COMMON ANODE COMMON CATHODE 

Figure 3: Pin Configurations (Outline dwgs Jl, PI) 
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ELECTRICAL CHARACTERISTICS (Vqd = 5V, Vss=OV, Ta= 25“C, Display Diode Drop 1.7V, unless 


otherwise specified) 


Symboi 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Idd 

(7217) 

Supply Current 
(Lowest power mode) 

Display Off, LC, DC, UP/DN, 

ST, RS, BCD I/O Floating or at Vqd (Note 3) 


350 

500 

jaA 

Idd 

(7227) 

Supply current 
(Lowest power mode) 

Display off (Note 3) 


300 

500 

jutA 

Iqp 

Supply Current 
OPERATING 

Common Anode, Display On, all “8’s” 

140 

200 


mA 

Common Cathode, Display On, all “8’s” 

50 

100 


mA 

Vdd 

Supply Voltage 


4.5 

5 

5.5 

V 

■dig 

Digit Driver output 
current 

Common anode, Vout=Vqd -2.0V 

140 

200 


mA 

peak 

•SEG 

SEGment driver 
output current 

Common anode, Vqut^ + “1 -SV 

-20 

-35 


mA 

peak 

■dig 

Digit Driver 
output current 

Common cathode, VouT= + “1 -OV 

-50 

-75 


mA 

peak 

ISEG 

SEGment driver 
output current 

Common cathode VouT=V dd “2V 

9 

12.5 


mA 

peak 

Ip 

ST, UP/DN input 

pullup current 

VouT=V dd -2 V (See Note 3) 

5 

25 


jixA 

Z|N 

3 level input impedance 


40 


350 

m 
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ELECTRICAL CHARACTERISTICS (Continued) (Vdd=5\/, Vss=OV, Ta=25®C, Display Diode Drop 1.7V, 
unless otherwise specified) 



Parameter 

Test Conditions 

Min 





BCD I/O input 
high voltage 

ICM7217 common anode (Note 4) 




n 

ICM7217 common cathode (Note 4) 

4.40 



V 

ICM7227 with 50pF effective load 

3 



a 

Vbil 

BCD I/O input 
low voltage 

ICM7217 common anode (Note 4) 



0.60 

D 

ICM7217 common cathode (Note 4) 



3.2V 

V 

ICM7227 with 50pF effective load 



1.5 

V 

Ibpu 

BCD I/O input 
pullup current 

ICM7217 common cathode V|n = Vdd -2V 
(Note 3) 




fxA 

•bpd 

BCD I/O input 
pulldown current 

ICM7217 common anode Vin = + 2V (Note 3) 





VOH 

BCD I/O, ZERO, EQUAL Outputs 
output high voltage 

Iqh” 

3.5 



V 

VoL 

BCD I/O, CARRY/BORROW 
ZERO, EQUAL Outputs 
output low voltage 

IOL= ~1-6nriA 


■ 



^in 

Count input frequency 
(Guaranteed) 

-20‘‘C<Ta< + 70‘’C 

0 





Count input threshold 

(Note 5) 


2 


V 

Vhys 

Count input hysteresis 

(Note 5) 


0.5 


V 

Veil 

Count input LO 





V 


Count Input HI 





D 

^ds 

Display scan 
oscillator frequency 

Free-running (SCAN terminal open circuit) 



10 



NOTES: 1. These limits refer to the package and will not be obtained during normal operation. 

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than Vqd or loss 
than Vss may cause destructive device latchup. For this reason it is recommended that the power supply to the device be established before any inputs 
are applied and that in multiple systems the sup ply to the ICM7217/7227 be turned on first. 

3. In the ICM7217 the UP/DOWN, STORE, RESET and the BCD I/O as inputs have pullup or pulldown devices which consume power when connected to 
the opposite supply. Under these conditions, with the display off, the device will consume typically 750 ju,A. The ICM7227 devices do not have these 
pullups or pulldowns and thus are not subject to this condition. 

4. These voltages are adjusted to allow the use of thumbwheel switches for the ICM7217 versions. Note that a positive level is taken as an input logic 
zero for ICM7217 common-cathode versions. 

5. Parameters not tested (Guaranteed by Design). 
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Figure 4: Test Circuits, showing the ICM7217 in the Common-Anode Version 
and the iCM7227 in the Common-Cathode Version 
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TYPICAL PERFORMANCE CHARACTERISTICS 
(DIGIT AND SEGMENT DRIVERS) 
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Typical Iseg vs. Vqd-Vqut* 
4.5^Vdd-Vss^6.0V 


Table 2: Control Input Definitions ICM7217 


Input 

Terminal 

Voltage 

Function 

STORE 

9 

Vdd (or floating) 

Vss 

Output latches not updated 

Output latches updated 

UP/DOWN 

10 


Counter counts up 

Counter counts down 

RESET 

14 

Vdd (or floating) 

Vss 

Normal Operation 

Counter Reset 

LOAD COUNTER/ 

I/O OFF 

12 

Unconnected 

Vdd 

Vss 

Normal operation 

Counter loaded with BCD data 

BCD port forced to Hi Z condition 

LOAD REGISTER/ 

OTF 

11 

Unconnected 

Vdd 

Vss 

Normal operation 

Register loaded with BCD data 

Display drivers disabled; BCD port 
forced to Hi Z condition, mpx counter 
reset to D4; mpx oscillator inhibited 

DISPLAY CONTrol 
(DC) 

23 Common Anode 

20 Common Cathode 

Unconnected 

Vdd 

Vss 

Normal Operation 

Segment drivers disabled 

Leading zero blanking inhibited 
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Table 3: Control Input Definitions ICM7227 



Input 

Terminal 

Voltage 

Function 


DATA TRANSFER 

13 

Vdd 

Vss 

Normal Operation 

Causes transfer of data 
as directed by select code 

Control 

Word 

STORE 

9 

Vdd (During CWS Pulse) 
Vss 

Output latches updated 
Output latches not updated 

Port 

UP/DOWN 

10 

Vdd (During CWS Pulse) 
Vss 

Counter counts up 

Counter counts down 


Select Code Bit 1 (SCI) 

11 

VDD=“t” 

SCI, SC2 control;— 

2 ” 

Select Code Bit 2 (SC 2 ) 

12 

Vss = “0” 

00 Change store and 
up/down latches. No data 
transfer. 01 Output latch 
data active 

10 Counter to be preset 

11 Register to be preset 


Control Word Strobe (CWS) 

14 

Vdd 

Vss 

Normal operation 

Causes control word to be 
written into control latches 


DISPLAY CONTrol (DC) 

23 Common Anode 

20 Common Cathode 

Unconnected 

Vdd 

Vss 

Normal operation 

Display drivers disabled 
Leading zero blanking 
inhibited 


DETAILED DESCRIPTION 
OUTPUTS 

The CARRY/BORROW output is a positive going pulse 
occurring typically 500ns after the positive going edge of 
the COUNT INPUT. It occurs when the counter is clocked 
from 9999 to 0000 when counting up and from 0000 to 9999 
when counting down. This output allows direct cascading of 
counters. 

The EQUAL output assumes a negative level when the 
contents of the counter and register are equal. 

The ZERO output assumes a negative level when the 
content of the counter is 0000 . 

The CARRY/BORROW, EQUAL and ZETO outputs will 
drive a single TTL load over the full range of supply voltage 
and ambient temperature; for a logic zero, these outputs will 
sink 1.6mA @ 0.4V (on resistance 2600), and for a logic 
one, the outp uts will s ou rce > 60 jaA. A lOkO pull-up resistor 
to Vdd on the EQUAL or ZERO outputs is recommended for 


highest speed operation, and on the CARRY/BORROW 
output when it is being used for cascading. 

The Digit and SEGment drivers provide a decoded 7 seg¬ 
ment display system, capable of directly driving common 
anode LED displays at typical peak currents of 40mA/seg. 
This corresponds to average currents of lOmA/seg at a 
25% multiplex duty cycle. For the common cathode ver¬ 
sions, peak segment currents are 12.5mA, corresponding to 
average segment currents of 3.1mA. Figure 5 shows the 
multiplex timing, while Figure 6 shows the Output Timing. 
The DISPLAY pin controls the display output using three 
level logic. The pin is self-biased to a voltage approximately 
Vt. (Vdd); this corresponds to normal operation. When this 
pin is connected to Vdd. the segments are Inhibited, and 
when connected to Vss. the leading zero blanking feature is 
inhibited. For normal operation (display on with leading zero 
blanking) the pin may be left open. The display may be con¬ 
trolled with a 3 position SPDT switch; see Figure 4. 
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Multiplex SCAN Oscillator 

The on-board multiplex scan oscillator has a nominal 
free-running frequency of 2.5kHz. This may be reduced by 
the addition of a single capacitor between the SCAN pin 
and the positive supply (ICM7217 only). Capacitor values 
and corresponding nominal oscillator frequencies, digit rep¬ 
etition rates, and loading times are shown in Table 1 below. 

The internal oscillator output has a duty cycle of approxi¬ 
mately 25:1, providing a short pulse occurring at the oscilla¬ 
tor frequency. This pulse clocks the four-state counter 
which provides the four multiplex phases. The short pulse 
width is used to delay the digit driver outputs, thereby pro¬ 


viding inter-digit blanking which prevents ghosting. The dig¬ 
its are scanned from MSD (D4) to LSD (D1). See Figure 4 
for the display digit multiplex timing. 

Table 1: ICM7217 Multiplexed Rate Control 


Scan 

Capacitor 

Nominal 

Oscillator 

Frequency 

Digit 

Repetition 

Rate 

Scan Cycle 
Time 
(4 digits) 

None 

2.5kHz 

625Hz 

1 .6ms 

20pF 

1.25kHz 

300Hz 

3.2ms 

90pF 

600Hz 

150Hz 

8 ms 
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Figure 7: Brightness Controi Circuits 


During load counter and ioad register operations, the 
multiplex oscillator Is disconnected from the SCAN Input 
and is allowed to free-run. In all other conditions, the oscilla¬ 
tor may be directly overdriven to about 20kHz, however the 
Internal oscillator signal will be of the same duty cycle and 
phase as the overdriving signal, and the digits are blanked 
during the time the external signal is at a positive level. To 
insure proper leading zero blanking, the interdigit blanking 
time should not be less than about 2juts. Overdriving the 
oscillator at less than 200Hz may cause display flickering. 

The display brightness may be altered by varying the duty 
cycle. Figure 7 shows several variable-duty-cycle oscillators 
suitable for brightness control at the ICM7217 SCAN input. 
The inverters should be CMOS CD4000 series and the di¬ 
odes may be any Inexpensive device such as IN914. 

Counting Control 

As shown in Figure 6, the counter is increment ed by th e 
rising edge of the COUNT INPUT signal w hen UP/DOWN is 
high. It Is decremented when UP/DOWN is low. A Schmitt 
trigger on the COUNT INPUT provides hysteresis to prevent 
double triggering on slow rising edges and permits opera¬ 
tion In noisy environments. The COUNT INPUT is inhibited 
during reset and load counter operations. 

The STORE pin controls the Internal latches and conse¬ 
quently the signals appearin g at the 7-segment and BCD 
outputs. Bringing the STORE pin low transfers the contents 
of the counter into the latches. 

T he coun ter Is asynchronously reset to 0000 by bringing 
the RESET pin low. The circuit performs the reset operation 
by forcing the BCD input lines to zero, and “presetting” all 
four decades of counter in parallel. This affects register 
loading; if LOAD REGISTER is activated when the RESET 
input is low, th e regist er will also be set to zero. The 
STORE, RESET and UP/DOWN pins are provided with pull- 
up resistors of approximately 75kn. 


BCD I/O Pins 

The BCD I/O port provides a means of transferring data 
to and from the device. The ICM7217 versions can multiplex 
data Into the counter or register via thumbwheel switches, 
depending on inputs to the LOAD COUNTER or LOAD 
REGISTER pins; (see below). When functioning as outputs, 
the BCD I/O pins will drive one standard TTL load. Com¬ 
mon anode versions have internal pull down resistors and 
common cathode versions have Internal pull up resistors on 
the four BCD I/O lines when used as inputs. 

LOADing the COUNTER and REGISTER 

The BCD I/O pins, the LOAD COUNTER (LC), and LOAD 
REGISTER (LR) pins combine to provide presetting and 
compare functions. LC and LR are three-level inputs, being 
self-biased at approximately y 2 VDD for normal operation. 
With both LC and LR open, the BCD I/O pins provide a 
multiplexed BCD output of the latch contents, scanned from 
MSD to LSD by the display multiplex. 

When either the LOAD COUNTER (Pin 12) or LOAD 
REGISTER (Pin 11) is taken high, the drivers are turned off 
and the BCD pins become high-impedance inputs. When LC 
is connected to Vqd. the count input is Inhibited and the 
levels at the BCD pins are multiplexed into the counter. 
When LR is connected to Vqd. the levels at the BCD pins 
are multiplexed into the register without disturbing the coun¬ 
ter. When both are connected to Vdd. the count is inhibited 
and both register and counter will be loaded. 

The LOAD COUNTER and LOAD REGISTER inputs are 
edge-triggered, and pulsing them high for 500ns at room 
temperature will initiate a full sequence of data entry cycle 
operations (see Figure 7). When the circuit recognizes that 
either or both of the LC or LR pins input is high, the multi¬ 
plex oscillator and counter are reset (to D4). The internal 
oscillator is then disconnected from the SCAN pin and the 
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preset circuitry is enabled. The oscillator starts and runs 
with a frequency determined by its internal capacitor, (which 
may vary from chip to chip). When the chip finishes a full 4 
digit multiplex cycle (loading each digit from D4 to D3 to D2 
to D1 in turn), it again samples the LOAD REGISTER and 
LOAD COUNTER inputs. If either or both is still high, it re¬ 
peats the load cycle, if both are floating or low, the oscillator 
is reconnected to the SCAN pin and the chip returns to 
normal operation. Total load time is digit “on” time multi¬ 
plied by 4. If the Digit outputs are used to strobe the BCD 
data into the BCD I/O inputs, the input will be automatically 
synchronized to the appropriate digit (Figure 8). Input data 
must be valid at the trailing edge of the digit output. 

When LR is connected to GROUND, the oscillator is in¬ 
hibited, the BCD I/O pins go to the high impedance state, 
and the segment and digit drivers are turned off. This allows 
the display to be used for other purposes and minimizes 
power consumption. In this display off condition, t he circuit 
will continue to count, and the CARRY/BORROW, EQUAL, 
ZERO, UP/DOWN, RESET and STORE functions operate 
as normal. When LC is connected to ground, the BCD I/O 
pins are forced to the high impedance state without disturb¬ 
ing the counter or register. See “Control Input Definitions” 
(Table 2) for a list of the pins that function as three-state 
self-biased inputs and their respective operations. 

Note that the ICM7217 and 7217B have been designed to 
drive common anode displays. The BCD inputs are high 
true, as are the BCD outputs. 

The ICM7217A and the 7217C are used to drive common 
cathode displays, and the BCD inputs are low true. BCD 
outputs are high true. 

Notes on Thumbwheel Switches & 
Multiplexing 

The thumbwheel switches used with these circuits (both 
common anode and common cathode) are TRUE BCD cod¬ 
ed; i.e. all switches open corresponds to 0000. Since the 
thumbwheel switches are connected in parallel, diodes 
must be provided to prevent crosstalk between digits. See 
Figure 8. In order to maintain reasonable noise margins, 
these diodes should be specified with low forward voltage 
drops (IN914). Similarly, if the BCD outputs are to be used, 
resistors should be inserted in the Digit lines to avoid load¬ 
ing problems. 

Output and Input Restrictions 

The CARRY/BORROW output is not valid during load 
counter and reset operations. 

The EQUAL output is not valid during load counter or load 
register operations. 


The ZERO output is not valid during a load counter opera¬ 
tion. 

The RESET input may be susceptible to noise if Its input 
rise time (coming out of reset) is greater than about SOOjlls. 
This will present no problems when this input is driven by 
active devices (i.e., TTL or CMOS logic) but in hardwi red 
systems adding virtually any capacitance to the RESET in¬ 
put can cause trouble. A simple circuit which pro vides a 
reliable power-up reset and a fast rise time on the RESET 
input is shown below. 
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Figure 8 



When using the circuit as a programmable divider (^ by n 
with equ al output s) a short time delay (a bout 1 juts) is needed 
from the EQUAL output to the RESET input to establish a 
pulse of adequate duration. (See Figure 9) 



When the circuit is configured to reload the counter or 
register with a new value from the BCD lines (upon reaching 
EQUAL), loading time will be digit “on” time multiplied by 
four. If this load time is longer than one period of the input 
count, a count can be lost. Since the circuit will retain data 
in the register, the register need o nly be updated when a 
new value is to be entered. RESET will not clear the regis¬ 
ter. 
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Figure 10: ICM7217 BCD I/O and Loading Timing 
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Note: If the BCD pins are to be used for outputs a lOkH resistor should be placed in series with each digit line to avoid loading problems through the switches. 

Figure 11: Thumbwheel Switch/Diode Connections 
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Figure 12: ICM7227 I/O Timing (see Table 4) 


CONTROL OF ICM7227 VERSIONS 

The ICM7227 series has been designed to permit micro¬ 
processor control of the inputs. BCD inputs and outputs are 
active high. 

In these versions, the STORE, UP/DOWN, SC1 and SC2 
(Select Code bits 1 and 2) pins form a four-b it control word 
input. A negative-going pulse on the CWS (Control Word 
Strobe) pin writes the data on these pins into four internal 
control latches, and resets the multiplex counter in prepara¬ 
tion for sequencing a data transfer operation. The select 
code 0 0 is re served for changing the state of the Store and/ 
or Up/Down latches without initiating a data transfer. Writ¬ 
ing a one into the Store latch sets the latch and causes the 
data in the counter to be transferred into the output latches, 
while writing a zero resets the latches causing them to re¬ 
tain dat a and not be updated. Similarly, writing a one Into 
the Up/Down latch causes the counter to count up and writ¬ 
ing a zero causes the co unter to count down. The state of 
the Store and Up/Down latches may also be changed with 
a non-zero select code. 

Writing a nonzero select code initiates a data transfer 
operation. Writing select code of 01 (SCI, SC2) Indicates 
that the data in the output latches will be active and enables 
the BCD I/O port to output the data. Writing a select code 
of 11 indicates that the register will be preset, and a 10 
indicates that the counter will be preset. 

When a nonzero select code is read, the clock of the 
four-state m ultiplex counter is switched to the DATA 
TRANSFER pin. Negative-going pulses at this pin then se¬ 
quence a digit-by-dIgit data transfer, either outputting data 
or presetting the counter or register as determined by the 
select code. The output drivers of the BCD I/O port will be 
enabled only while DT is low during a data transfer initiated 
with a 01 select code. 


The sequence of digits will be D4-D3-D2-D1, i.e. when 
outputting, the data from D4 will be valid during the first DT 
pulse, then D3 will be valid during the second pulse, etc. 
When presetting, the data for D4 must be valid at the posi¬ 
tive-going transition (trailing edge) of the first DT pulse, the 
data for D3 must be valid during the second DT pulse, etc. 

At the end of a data transfer operation, on the positive 
going transition of the fourth DT pulse, the SCI and SC2 
control latches will automatically reset, terminating the data 
transfer and reconnecting the multiplex counter clock to the 
oscillator. In the ICM7227 versions, the multiplex oscillator 
Is always free-running, except during a data transfer opera¬ 
tion when it is disabled. 

Figure 12 shows the timing of data transfers initiated with 
a 11 select code (writing into the register) and a 01 select 
code (reading out of the output latches). Typical times dur¬ 
ing which data must be valid at the control word and BCD 
I/O ports are indicated in Table 4. 

Table 4: ICM7227 I/O Timing Requirements 


Symbol 

Description 

Min 

Typ 

Max 

Units 

tews 

Control Word Strobe 


275 


ns 


Width (min) 





tics 

Internal Control Set-up (min) 


2.5 

3 

fJLS 

tOTw 

DATA TRANSFER pulse 


300 


ns 


width (min) 





tSCs 

Control to Strobe setup (min) 


300 


ns 

tsCh 

Control to Strobe hold (min) 


300 


ns 

t|Ds 

Input Data setup (min) 


300 


ns 

t|Dh 

Input Data Hold (min) 


300 


ns 

tlDacc 

Output Data access 


300 


ns 

tTDf 

Output Transfer to Data float 


300 


ns 
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APPLICATIONS 
FIXED DECIMAL POINT 

In the common anode versions, a fixed decimal point may 
be activated by connecting the D.P. segment lead from the 
appropriate digit (with separate digit displays) through a 
39fl series resistor to Ground. With common cathode de¬ 
vices, the D.P. segment lead should be connected through 
a 75n series resistor to Vdd- 

To force the device to display leading zeroes after a fixed 
decimal point, use a bipolar transistor and base resistor in a 
configuration like that shown below with the resistor con¬ 
nected to the digit output driving the D.P. for left hand D.P. 
displays, and to the next least significant digit output for 
right hand D.P. display. See Performance Characteristics for 
a similarly operating multi-digit connection. 



DRIVING LARGER DISPLAYS 

For displays requiring more current than the ICM7217/ 
7227 can provide, the circuits of Figure 14 can be used. 



LCD DISPLAY INTERFACE 

The low-power operation of the ICM7217 makes an LCD 
interface desirable. The Intersil ICM7211 4 digit BCD to LCD 
display driver easily interfaces to the ICM7217 as shown in 
Figure 15. Total system power consumption is less than 
5mW. System timing margins can be improved by using ca¬ 
pacitance to ground to slow down the BCD lines. A similar 
circuit can be used to drive Vacuum Fluorescent displays, 
with the ICM7235. 

The 10 - 20kft resistors on the switch BCD lines serve to 
isolate the switches during BCD output. 
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Figure 15: LCD Display Interface (with Thumbwheel Switches) 
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UNIT COUNTER WITH BCD OUTPUT 

The simplest application of the ICM7217 is a 4 digit unit 
counter (Figure 16). All that is required is an ICM7217, a 
power supply and a 4 digit display. Add a momentary switch 
for reset, an SPOT center-off switch to blank the display or 
view leading zeroes, and one more SPOT switch for up/ 
down control. Using an ICM7217A with a common-cathode 
calculator-type display results in the least expensive digital 
counter/display system available. 

INEXPENSIVE FREQUENCY COUNTER/ 
TACHOMETER 

This circuit uses t he low p ower ICM755 5 (CMOS 555) to 
generate the gating, STORE and RESET signals as shown 
In Figure 17. To provide the gating signal, the timer Is con¬ 
figured as an astabie multivibrator, using Ra, Rb and C to 
provide an output that is positive for approximately one sec¬ 
ond and negative for approximately 300 - 500jms. The posi¬ 
tive waveform time is given by twp=0.693 (Ra+ Rb)C while 
the negative waveform Is given by twn = 0-693 RbC. The 
system is calibrated by using a 5Mn potentiometer for Ra 
as a “coarse” control and a Ikfl potentiometer for Rg as a 
“fine” control. CD40106B’s are used as a monostable multi¬ 
vibrator and reset time delay. 

TAPE RECORDER POSITION 
INDICATOR/CONTROLLER 

The circuit in Figure 18 shows an application which uses 
the up/down counting feature of the ICM7217 to keep track 
of tape position. This circuit is representative of the many 
applications of up/down counting in monitoring dimensional 
position. For example, an ICM7227 as a peripheral to a 
processor can monitor the position of a lathe bed or digitiz¬ 
ing head, transfer the data t o the pro ce ssor, d rive interrupts 
to the processor using the EQUAL or ZERO outputs, and 
serve as a numerical display for the processor. 
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In the tap e reco rder application, the LOAD REGISTER, 
EQUAL and ZERO outputs are used to control the recorder. 
To make the recorder stop at a particular point on t he tape, 
the register can be set with the stop point and the EQUAL 
output used to stop the recorder either on fast forward, play 
or rewind. 

To make the recorder stop before the tape comes free of 
the reel on rewind, a leader should be used. Resetting the 
counter at the starting point of the tap e, a few feet from the 
end of the leader, allows the ZERO output to be used to 
stop the recorder on rewind, leaving the leader on the reel. 

The IMfl resistor and .0047jutF capacitor on the COUNT 
INPUT provide a time constant of about 5ms to debounce 
the reel switch. The Schmitt trigger on the COUNT INPUT of 
the ICM7217 squares up the signal before applying it to the 
counter. This technique may be used to debounce switch- 
closure inputs in other applications. 

PRECISION ELAPSED TIME/ 
COUNTDOWN TIMER 

The circuit In Figure 19 uses an ICM7213 precision one 
minute/one second timebase generator using a 4.1943MHz 
crystal for generating pulses counted by an ICM7217B. The 
thumbwheel switches allow a starting time to be entered 
Into the counter for a preset-countdown type timer, and al¬ 
low the register to be set for compare functions. For in¬ 
stance, to make a 24-hour clock wit h BCD o utput the regis¬ 
ter can be preset with 2400 and the EQUAL output used to 
reset the counter. Note the 10k resistor connected between 
the LOAD COUNTER terminal and Ground. This resistor 
pulls the LOAD COUNTER Input low when not loading, 
thereby inhibiting the BCD output drivers. This resistor 
should be eliminated and SW4 replaced with an SPDT cen- 
ter*off switch if the BCD outputs are to be used. 
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Figure 17: inexpensive Frequency Counter 
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Figure 18: Tape Recorder Position indicator 


0354-27 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


14-68 









ICM7217/ICM7227 


I TO LOOIC OINCRATINO 
I SKMAtS rOM CONTROL OF 
I CXTIRNAL EQUIPMENT 


■I 3 ICM 12 U 
-14 7213 1l{- 


THUMRWHEEt 

SWITCHES 


■0 Voo 

(4 VOLTS MAX) 


HBD 


Voo 

OIS. CONTROL 


ELAPSED 

COUNTDOWN 


-sws 

^ n 

IMIRIT^ I I 


888 


Figure 19: Precision Timer 
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This technique may be used on any 3-level input. The 
10Okn pullup resistor on the count input is used to ensure 
proper logic voltage swing from the ICM7213. For a less 
expensive (and less accurate) timebase, an ICM7555 timer 
may be used in a configuration like that shown in Figure 17 
to generate a 1 Hz reference. 

8-DIGIT UP/DOWN COUNTER 

This circuit (Figure 20) shows how to cascade counters 
and retain correct leading zero blanking. The NAND gate 
detects whe^her a digit is active since one of the two seg¬ 
ments a or b is active on any unblanked number. The flip 
flop is clocked by the least significant digit of the high order 
counter, and if this digit is not blanked, the Q output of the 
flip flop goes high and turns on the NPN transistor, thereby 
inhibiting leading zero blanking on the low order counter. 

It is possible to use separate thumbwheel switches for 
presetting, but since the devices load data with the oscilla¬ 
tor free-running, the multiplexing of the two devices is diffi¬ 
cult to synchronize. This presents no problems with the 
ICM7227 devices, since the two devices are operated as 
peripherals to a processor. 

PRECISION FREQUENCY COUNTER/ 
TACHOMETER 

The circuit shown in Figure 21 is a simple implementation 
of a four digit frequency counter, using an ICM7207A to 
provide the one second gating window and the STORE and 
RESET signals. In this configuration, the display reads hertz 
directly. With Pin 11 of the ICM7027A connected to N/qd. 
the gating time will be 0.1 second; this will display tens of 
hertz as the least significant digit. For shorter gating times, 
an ICM7207 may be used (with a 6.5636MHz crystal), giving 
a 0.01 second gating with Pin 11 connected to Vdd. and a 
0.1 second gating with Pin 11 open. 


To implement a four digit tachometer, the ICM7207A with 
one second gating should be used. To get the display to 
read directly In RPM, the rotational frequency of the object 
to be measured must be multiplied by 60. This can be done 
electronically using a phase-locked loop, or mechanically by 
using a disc rotating with the object with the appropriate 
number of holes drilled around its edge to interrupt the light 
from an LED to a photo-dector. For faster updating, use 0.1 
second gating, and multiply the rotational frequency by 600. 

For more “intelligent” instrumentation, the ICM7227 inter¬ 
faced to a microprocessor may be more convenient (see 
Figure 21). For example, an ICM7207A can be used with 
two ICM7227’s to provide an 8 digit, 2MHz frequency coun¬ 
ter. Since the ICM7207A gating output has a 50% duty cy¬ 
cle, there is 1 second for the processor to respond to an 
interrupt, generated by the negative going edge of this sig¬ 
nal while it Inhibits the count. The processor can respond to 
the interrupt using ROM based subroutines, to store the 
data, reset the counter, and read the data into main memo¬ 
ry. To add simultaneous period display, the processor in¬ 
verts the data and an ICM7218 Universal Display Driver 
stores and displays it. 

AUTO-TARE SYSTEM 

This circuit uses the count-up a nd count -dow n func tions 
of the ICM7217, controlled via the EQUAL and ZERO out¬ 
puts, to count in SYNC with an ICL7109 A/D Converter as 
shown in Figure 22. B y RESET ing the ICM7217 on a “tare” 
value conversion, and STORE-ing the result of a true value 
conversion, an automatic tare subtraction occurs in the re¬ 
sult. 

The ICM7217 stays in step with the ICL7019 by counting 
up and down between 0 and 4095, for 8192 total counts, 
the same number as the ICL7109 cycle. See A047 for more 
details. 
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ICM7224/ICM7225 

4y2-Digit LCD/LED 
Display Counter 

GENERAL DESCRIPTION 

The ICM7224 and ICM7225 devices constitute a family of 
high-performance CMOS 4 Va-digit counters, including de¬ 
coders, output latches, display drivers, count inhibit, leading 
zero blanking, and reset circuitry. 

The counter section provides direct static counting, guar¬ 
anteed from DC to 15 MHz, using a 5V ±10% supply over 
the operating temperature range. At normal ambient tem¬ 
peratures, the devices will typically count up to 25 MHz. The 
COUNT input is provided with a Schmitt trigger to allow op¬ 
eration in noisy environments and correct counting with 
slowly changing inputs. The COUNT INHIBIT, STORE and 
RESET Inputs allow a direct interface with the ICM7207/A 
to implement a low cost, low power frequency counter with 
a minimum component count. 

These devices also incorporate several features Intended 
to simplify cascading four-digit blocks. The CARRY output 
allows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allows correct Leading Zero 
Blanking between four-decade blocks. The BackPlane driv¬ 
er of the LCD devices may be disabled, allowing the seg¬ 
ments to be slaved to another backplane signal, necessary 
when using an eight or twelve digit, single backplane dis¬ 
play. In common-anode LED systems, the BRighTness in¬ 
put to several ICM7225 devices may be ganged to one po¬ 
tentiometer. 

The ICM7224/ICM7225 family are packaged in a stan¬ 
dard 40-pin dual-in-line plastic or CERDIP package, or in 
dice. 


ORDERING INFORMATION 


Part Number 

Dispiay Type 

Count Option 

ICM7224IPL 

LCD 

19999 

ICM7225IPL 

LED 

19999 


Evaluation Kits, order ICM7224 EV/Kit or ICM7225 EV/Kit 



FEATURES 

• High Frequency Counting — Guaranteed 15MHz, 
Typically 25MHz at 5V 

• Low Power OperationTypically Less Than IOOjliW 
Quiescent 

• STORE and RESET Inputs Permit Operation as 
Frequency or Period Counter 

• True COUNT INHIBIT Disables First Counter Stage 

• CARRY Output for Cascading Four-Digit Blocks 

• Schmitt-Trigger On The COUNT Input Allows 
Operation in Noisy Environments or With Slowly 
Changing Inputs 

• Leading Zero Blanking INput and OUTput for Correct 
Leading Zero Blanking With Cascaded Devices 

• LCD Devices Provide Complete Onboard Oscillator 
and Divider Chain to Generate Backplane Frequency, 
or Backplane Driver May Be Disabled Allowing 
Segments to be Slaved to A Master Backplane Signal 

• LED Devices Provide BRighTness Input Which Can 
Function Digitally As A Display Enable or As A 
Continuous Display Brightness Control With A Single 
Potentiometer 
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ICM 7224 /ICM 7225 rami^DIL 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd~Vss) . 6-5V Operating Temperature Range . -25‘’Cto+85“C 

Input Voltage (Any Storage Temperature Range. -65“C to +150*0 

Terminal) (Note 2) . (Vdd + 0.3V) to (Vss-0.3V) Lead Temperature (Soldering, lOsec) . 300*0 

Power Dissipation (Note 1) .0.5W @ 70*0 

NOTE 1: This limit refers to that of the package and will not be obtained during normal operation. 

2: Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vqd or less than Vss may cause destructive 
device latchup. For this reason, it is recommended that no inputs from sources operating on a different power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the ICM7224/ICM7225 be turned on first. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Vdd = 5V, Vss=0V, Ta= 25*C, unless otherwise indicated) 

ICM7224 CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 



■dd 

Operating current 

Test circuit, Display blank 


10 

50 

fxA 

VSUPPLY 

Operating supply voltage range (Vdd“ Vss) 


3 


6 

V 

Iqsci 

OSCILLATOR input current 

Pin 36 


±2 

±10 

jaA 

tR, tp 

Segment rise/fall time 

Qoad “ 200pF 


0.5 


fJLS 

tR. tp 

Backplane rise/fall time 

Qoad ” SOOOpF 


1.5 


fosc 

Oscillator frequency 

Pin 36 Floating 


19 


kHz 

^BP 

Backplane frequency 

Pin 36 Floating 


150 


Hz 


ICM7225 CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

na 




ISTBY 

Operating current display off 

Pin 5 (BRighTness) at Vss 
Pins 29,31-34 at Vdd 


10 



Vsupp 

Operating supply voltage range (Vqd-Vss) 


4 


6 

V 

•dd 

Operating current 

Pin 5 at Vdd. Display 18888 


200 


mA 

ISLK 

Segment leakage current 

Segment Off 


+ 0.01 

±1 

jaA 

ISEG 

Segment on current 

Segment On, Vout= + 3V 

5 

8 


mA 

Ih 

Half-digit on current 

Half-digit on, Vout= +3V 

10 

16 



FAMILY CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Ip 

Input 

Pullup Currents 

Pins 29,31,33,34 

Vout=VDD-3V 


10 


jliA 

V|H 

Input High Voltage 

Pins 29,31,33, 34 

3 



V 

V|L 

Input Low Voltage 

Pins 29,31,33, 34 



1 

■BSH 

COUNT Input Threshold 



2 



COUNT Input Hysteresis 



0.5 



Output High Current 

CARRY Pin 28 

Leading Zero Blanking OUT Pin 30 
Vout=VDD~3V 



■ 


Iql 

Output Low Current 

CARRY Pin 28 

Leading Zero Blanking Out Pin 30 
Vout=+3V 





Count Frequency 

4.5V<Vdd<6V 

0 



MHz 

ts.tR 

STORE, RESET Minimum Pulse Width 





fxS 
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TYPICAL PERFORMANCE CHARACTERISTICS 


7224 OPERATING SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 


7225 OPERATING POWER (LED DISPLAY) AS A 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 


7225 LED SEGMENT CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) ^3 

7224 BACKPLANE FREQUENCY AS A 
FUNCTION OF OSCILLATOR CAPACITOR Cqsc 



7225 LED SEGMENT CURRENT AS A 
FUNCTION OF BRIGHTNESS CONTROL VOLTAGE 



BRIGHTNESS CONTROL VOLTAGE 0355-9 


MAXIMUM COUNT FREQUENCY (TYPICAL) AS A 
FUNCTION OF SUPPLY VOLTAGE 



4 S 6 


SUPPLY VOLTAGE (V) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


SUPPLY CURRENT AS A 
FUNCTION OF COUNT FREQUENCY 



/COUNT 
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TABLE I: Control Input Definitions 


INPUT 

TERMINAL 

VOLTAGE 

FUNCTION 

Leading Zero Blanking 

INput 

29 

Vdd O'' Floating 

Vss 

Leading Zero Blanking Enabled 
Leading Zeroes Displayed 

COUNT INHIBIT 

31 

Vdd ot Floating 

Vss 

Counter Enabled 

Counter Disabled 

RESET 

33 

Vdd 0*' Floating 

Vss 

Inactive 

Counter Reset to 0000 

STORE 

34 

Vdd or Floating 

Vss 

Output Latches not Updated 

Output Latches Updated 


CONTROL INPUT DEFINITIONS 

In Table I, Vdd and Vss are considered to be normal 
operating input logic levels. Actual input low and high levels 
are specified in the Operating Characteristics. For lowest 
power consumption, input signals should swing over the full 
supply. 

DETAILED DESCRIPTION 
LCD Devices 

The LCD devices in the famiiy (ICM7224 and ICM7224A) 
provide outputs suitable for driving conventional 4y2-diglt by 
seven segment LCD displays. They include 29 individual 
segment drivers, a backplane driver, and a self-contained 
oscillator and divider chain to generate the backplane fre¬ 
quency. 

The segment and backplane drivers each consist of a 
CMOS Inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any D.C. component which could 
arise from differing rise and fall times, and ensures maxi¬ 
mum display life. 

The backplane output devices can be disabled by con¬ 
necting the OSCILLATOR input (pin 36) to Vss- This syn¬ 
chronizes the 29 segment outputs directly with a signal In¬ 
put at the BP terminal (pin 5) and allows cascading of sever¬ 
al slave devices to the backplane output of one master de¬ 
vice. The backplane may also be derived from an external 

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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source. This allows the use of displays with characters in 
multiples of four and a single backplane. A slave device will 
represent a load of approximately 200pF (comparable to 
one additional segment). The limitation on the number of 
devices that can be slaved to one master device backplane 
driver is the additional load represented by the larger back¬ 
plane of displays of more than four digits, and the effect of 
that load on the backplane rise and fail times. A good rule of 
thumb to observe in order to minimize power consumption, 
is to keep the rise and fall times less than about 5 microsec¬ 
onds. The backplane driver devices of one device should 
handle the backplane to a display of 16 one-half-inch char¬ 
acters without the rise and fall times exceeding Sfis (ie, 3 
slave devices and the display backplane driven by a fourth 
master device), it is recommended that if more than four 
devices are to be slaved together, that the backplane signal 
be derived externally and all the ICM7224 devices be 
slaved to it. 

This external backplane signal should be capable of driv¬ 
ing very large capacitive loads with short (1-2]u,s) rise and 
fall times. The maximum frequency for a backplane signal 
should be about 150Hz, although this may be too fast for 
optimum display response at lower display temperatures, 
depending on the display used. 

The onboard oscillator is designed to free run at approxi¬ 
mately 19kHz, at microampere power levels. The oscillator 
frequency is divided by 128 to provide the backplane fre¬ 
quency, which will be approximately 150Hz with the oscilla- 
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tor free-running. The oscillator frequency may be reduced 
by connecting an external capacitor between the OSCillator 
terminal (pin 36) and Vdd; see the plot of oscillator/back¬ 
plane frequency in “Typical Characteristics” for detailed in¬ 
formation. 

The oscillator may also be overdriven if desired, although 
care must be taken to insure that the backplane driver is not 
disabled during the negative portion of the overdriving sig¬ 
nal (which could cause a D.C. component to the display). 
This can be done by driving the OSCILLATOR input be¬ 
tween the positive supply and a level out of the range where 
the backplane disable is sensed, about one fifth of the sup¬ 
ply voltage above the negative supply. Another technique 
for overdriving the oscillator (with a signal swinging the full 
supply) is to skew the duty cycle of the overdriving signal 
such that the negative portion has a duration shorter than 
about one microsecond. The backplane disable sensing cir¬ 
cuit will not respond to signals of this duration. 

LED Devices 

The LED devices in the famiiy (iCM7225, iCM7225A) pro- 
vide outputs suitable for directly driving 4y2-digit by seven 
segment common-anode LED displays. They include 28 in¬ 
dividual segment drivers and one half-digit driver, each con¬ 
sisting of a low-leakage current-controlled open-drain 
n-channel transistor. 

The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for “on” segments, and thus directly modulates the 
transistor’s “on” resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 3. The potenti¬ 
ometer should be a high value (100ka to IMH) to minimize 
power consumption, which can be significant when the dis¬ 
play Is off. 

The BRighTness input may also be operated digitally as a 
display enable; when at Vdd. display Is fully on, and at 
Vss. off- The display brightness may also be controlled 
by varying the duty cycle of a signal swinging between the 
two supplies at the BRighTness input. 

Note that the LED devices have two connections for Vss; 
both should be connected. The double connection is neces¬ 
sary to minimize effects of bond wire resistance with the 
large total display currents possible. 

When operating the LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera¬ 
tures. The maximum power dissipation is 1 watt at 25‘’C, 
derated linearly above 35'’C to SOOmW at 70°C (15mW/"C 
above 35®C). Power dissipation for the device is given by: 

P=(Vdd -VFLED)X(ISEG)X(nSEG) 
where Vfled 's the LED forward voltage drop, Iseg's seg¬ 
ment current, and nsEG is the number of “ON” segments. It 
is recommended that if the device is to be operated at ele¬ 
vated temperatures the segment current be limited by use 
of the BRighTness input to keep power dissipation within 
the limits described above. 
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COUNTER SECTION 

The devices In the ICM7224/ICM7225 family implement a 
four-digit ripple carry resettable cou nter, inc luding a Schmitt 
trigger on the COUNT input and a CARRY output. Also in- 
cluded is an extra D-type flip-flop, clocked by the CARRY 
signal which controls the half-digit segment driver. This out¬ 
put driver can be used as either a true half-digit or as an 
overflow Indicator. The counter will increment on the nega- 
tive-goin g edge of the signal at the COUNT input, while the 
CARRY output provides a negative-going edge following the 
count which increments the counter from 9999 (or 5959) to 
10000. Once the half-digit flip-flop has been clocked, it can 
only be res et (with the rest of the counter) by a negative 
level at the RESET terminal, pin 33. However, the four dec¬ 
ades will continue to count in a norma l fashion after the 
half-digit is set, and subsequent CARRY outputs will not be 
affected. 

A negative level at the COUNT INHIBIT input disables the 
first divide-by-two in the counter chain without affecting its 
clock. This provides a true inhibit, not sensitive to the state 
of the COUNT input, which prevents false counts that can 
result from using a normal logic gate to prevent counting. 

Each decade of the counter directly drives a four-to-sev- 
en segment decoder which develops the required output 
data. Th e output data is latched at the driver. When the 
STORE pin is low, these latches are updated, and when it is 
high or floating, the latches hold their contents. 

The decoders also include zero detect and blanking logic 
to provide leading zero blanking. When the Leading Zero 
Blanking INput is floating or at a positive level, this circuitry 
is enabled and the device will blank leading zeroes. When it 
is low, or the half-digit is set, leading zero blanking is inhibit¬ 
ed, and zeroes in the four digits will be displayed. The Lead¬ 
ing Zero Blanking OUTput is provided to allow cascaded 
devices to blank leading zeroes correctly. This output will 
assume a positive level only when all four digits are 
blanked; this can only occur when the Leading Zero Blank¬ 
ing INput is at a positive level and the half-digit is not set. 

For example, in an eight-decade counter with overflow 
using two ICM7224/ICM7225 devices, the Leading Zero 
Blanking OUTput of the high order digit would be connected 
to the Leading Zero Blanking INput of the low order digit 
device. This will assure correct leading zero blanking for all 
eight digits. 
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The STORE, RESET, COUNT INHIBIT, and Leading Zero 
Blanking INputs are provided with pullup devices, so that 
they ma y be left open when a positive level is desired. The 
CARRY and Leading Zero Blanking OUTputs are suitable 
for interfacing to CMOS logic in general, and are specifically 
designed to allow cascading of ICM7224 to ICM7225 devic¬ 
es in four-digit blocks. 
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Figure 6: Segment Assignment 
and Dispiay Font 


Figure 4: Dispiay Waveforms 
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Figure 7: Typicai Application (Unit Counter) 


Figure 5: Test Circuit 
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APPLICATIONS 
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Figure 8: Two-Hour Precision Timer 
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Figure 9: Eight-Digit Precision Frequency Counter 
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ICM7226A/B 

8-Digit Muiti-Function 
Frequency Counter/Timer 



GENERAL DESCRIPTION 


FEATURES 


The ICM7226 is a fully integrated Universal Counter and 
LED display driver, it combines a high frequency oscillator, 
a decade timebase counter, an 8 decade data counter and 
latches, a 7 segment decoder, digit multiplexer, and seg¬ 
ment and digit drivers which can directly drive large LED 
displays. The counter inputs accept a maximum frequency 
of 10MHz in frequency and unit counter modes and 2MHz 
in the other modes. Both inputs are digital inputs. In many 
applications, amplification and level shifting will be required 
to obtain proper digital signals for these inputs. 

The ICM7226 can function as a frequency counter, period 
counter, frequency ratio (fA/fe) counter, time interval coun¬ 
ter or a totalizing counter. The devices require either a 
10MHz or 1MHz crystal timebase, or if desired an external 
timebase can also be used. For period and time interval, 
the 10MHz timebase gives a 0.1 jus resolution. In period 
average and time interval average, the resolution can be 
in the nanosecond range. In the frequency mode, the user 
can select accumulation time of 10ms, 100ms, Is and 10s. 
With a 10s accumulation time, the frequency can be dis¬ 
played to a resolution of 0.1Hz. There is a 0.2s interval be¬ 
tween measurements in all ranges. Control signals are pro¬ 
vided to enable gating and storing of prescaler data. 

Leading zero blanking has been incorporated with fre¬ 
quency display in kHz and time in jas. The display Is multi¬ 
plexed at a 500Hz rate with a 12.2% duty cycle for each 
digit. The ICM7226A is designed for common anode dis¬ 
plays with typical peak segment currents of 25mA, and the 
ICM7226B is designed for common cathode displays with 
typical segment currents of 12mA. In the display off mode, 
both digit drivers & segment drivers are turned off, allowing 
the display to be used for other functions. 


• CMOS Design for Very Low Power 

• Output Drivers Directly Drive Both Digits and 
Segments of Large 8 Digit LED Displays. Both 
Common Anode and Common Cathode Versions Are 
Available 

• Measures Frequencies From DC to 10MHz; Periods 
From O.Sfis to 10s 

• Stable High Frequency Oscillator Uses Either 1MHz 
or 10MHz Crystal 

• Control Signals Available for External Systems 
Operation 

• Multiplexed BCD Outputs 

APPLICATIONS 

• Frequency Counter 

• Period Counter 

• Unit Counter 

• Frequency Ratio Counter 

• Time Interval Counter 


ORDERING INFORMATION 


Part 

Number 

' Temperature 
Range 

Package 

ICM7226AIJL 

-25"Cto85‘’C 

40 pin CERDIP 

ICM7226BIJL 

-25“Cto +85"C 

40 pin CERDIP 

ICM7226BIPL 

-25“Cto85”C 

40 pin PLASTIC DIP 


NOTE: An evaluation kit is available for these devices—order 
ICM7226AEV/KIT. 



]AIN 

]HOLD 

BUFF 08C OUT 
NC* 

i]08COUT 
nose IN 
I MC* 

EXT 08C IN 
R8T OUT 
EXrRANGE 
D1 
D2 
]D3 
04 
OS 
VdD 
D6 
107 
]08 


CONTROL IN 



HA IN 
HHOLO 

H buff 08C OUT 
UNC* 
gOSCOUT 
lose IN 
SNC* 

1 EXT OSC IN 

IRSTOUT 

1 EXT RANGE 

1 OP OUT 

ISEGg 

ISEGt 

^SEGa 

@SEGd 

M^dd 

pSEGb 

^SEGc 

gSEGf 

PRANGE 


*For maximum frequency stability, connect to Vqd or Vss 


Figure 1: Pin Configurations 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
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ABSOLUTE MAXIMUM RATINGS NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings" 

Maximum Supply Voltage (Vnn - Vqq) 6 6V permanent damage to the device. These are stress ratings only 

.r« 1 - 1 ,,^+/^. ^ functionai operation of the device at these or any other conditions 

Max U git Output Cu ^t . aiboi/e those indicated in the operational sections of the specifications is not 

Maximum segment Output uurrent.60mA implied Exposure to absolute maximum rating conditions for extended peri- 

Voltage on any Input or Output Terminal (Note 1) . ods may affect device reliability. 

(VSS-0.3V) to (Vdd + 0.3V) 

Maximum Power Dissipation at yo^C (Note 2) 

ICM7226A.1.0W 

ICM7226B.0.5W 

Operating Temperature Range .-25®Cto+85*C 

Storage Temperature Range.-55“Cto +125"C 

Lead Temperature (Soldering, 10sec) . 300‘'C 

*Note 1: Destructive latchup may occur if input signals are applied before the power supply is established or if inputs or outputs are forced to voltages exceeding 
Vdd or Vss by 0.3V. 

2: Assumes all leads soldered or welded to PC board and free air flow. 


OSC INPUT o 
0$c OUTPUT O 
BUFPERCO O 
OSC OUT 


■ COUNTER OVeWLOWl- 


OATA LATCHES I 

• OUTPUT STORE 

MUX I 



Figure 2: Functional Diagram 



NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Vdd=5.0V, Ta= 25*C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Idd 

Operating Supply 

Current 

Display Off 

Unused inputs to Vss 


2 

5 

mA 

VSUPPLY 

Supply Voltage Range Vqd-V ss 

-25‘‘C<Ta< 86“C 
input A, Input B 

Frequency at fMAX 

4.75 

■ 

6.0 

V 

^A(max) 

Maximum Guaranteed Frequency 

Input A, Pin 40 

-25*C<Ta<85“C 
4.75V<Vdd< 6.0V Figure 4 
Function=Frequency, 

Ratio, Unit Counter 

Function = Period, Time Interval 

10 

2.5 

14 



^B(max) 

Maximum Frequency 

Input B, Pin 2 

-25"C<Ta<85‘‘C 

4.75V<Vdd<6.0V 

Figure 5 



■ 


Minimum Separation 

Input A to Input B 

Time Interval Function 

-25"C<Ta<85“C 

4.75V<Vdd<6.0V 

Figure 6 

250 

■ 

■ 


fosc 

Osc. freq. and ext. osc. 
freq. (minimum ext. osc. freq.) 

-25‘‘C<Ta<85‘’C 

4.75 V <Vdd< 6.0 V 

10 

(0.1) 

■ 

■ 


9m 

Oscillator Transconductance 

00 

o < 

2000 




^mux 

Multiplex Frequency 

fosc= 10MHz 




SCSI 


Time Between Measurements 

fosc= 10MHz 


200 


ms 

dVin/dt 

Input Rate of Charge 

Inputs A, B 


15 


mV/jLis 

V|L 

INPUT VOLTAGES 

PINS 2,19, 33, 39, 40, 35 
input low voltage 

input high voltage 

-25"C<Ta<+85“C 



1.0 

V 

V|H 


3.5 



l|LK 

PIN 2, 39, 40 INPUT LEAKAGE, A, B 




20 

juA 

R|N 

Input resistance to Vqd 

PINS 19,33 

Vin=Vdd-iov 

100 

400 



Rin 

Input resistance to Vss 

PIN 31 

V|N=+1.0V 

50 

100 


•OL 

Output Current 

PINS 3,5,6,7,17,18,32,38 

VoL= +0.4V 

400 




iOH 

PINS 5,6,7,17,18,32 

Voh=+2.4V 

IB33I 




lOH 

PINS 3,38 

Voh=Vdd-o.8V 

11^1 



lOH 

ICM7226A 

PINS 22,23,24,26,27,28,29,30 

DIGIT DRIVER 
high output current 

low output current 

Vo=Vdd -2.0V 

150 

180 



lOL 

Vo=+1.0V 


-0.3 


•oL 

SEGMENT DRIVER 

PINS 8,9,10,11,13,14,15,16 
low output current 

high output current 

Vo= + 1.5V 

25 

35 



•oh 

Vo=Vdd-i.ov 


100 


fxA 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Vdd= 5.0V, Ta= 25®C, unless otherwise specified.) (Continued) 



Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

V|L 

MULTIPLEX INPUTS 

PINS 1,4,20,21 
input low voltage 

input high voltage 

input resistance to Vss 




0.8 

V 

V|H 


2.0 



Rin 

V|N=+1.0V 

50 

100 


kn 

Iql 

ICM7226B 

DIGIT DRIVER 

PINS 8,9,10,11,13,14,15,16 
low output current 

high output current 

Vo= + 1.0V 

50 

75 


mA 

Iqh 

Vo = Vdd“2.5V 


100 


jmA 

Iqh 

SEGMENT DRIVER 

PINS 22,23,24,26,27,28,29,30 
high output current 

leakage current 

Vo=Vdd-2.ov 


15 


mA 

II 

</) 

> 

1! 



10 

fxA 

V|L 

MULTIPLEX INPUTS 

PINS 1,4,20,21 
input low voltage 

input high voltage 

input resistance to Vqd 




o 

cvi 

1 

Q 

Q 

> 

V 

V|H 


oo 

6 

1 

Q 

Q 

> 



Rin 

1 

T 

Q 

O 

> 

II 

Z 

> 

100 

360 


kft 



EVALUATION KIT 

An evaluation kit is available for the ICM7226A. It in¬ 
cludes all the components necessary to assemble and eval¬ 
uate a universal frequency/period counter based on the 
ICM7226A. With the help of this kit, an engineer or techni¬ 


cian can have the ICM7226A “up-and-running” in less than 
an hour. Specifically, the kit contains an ICM7226AIJL, a 
10MHz quartz crystal, eight each 7-segment 0.3" LEDs, PC 
board, resistors, capacitors, diodes, switches and IC socket. 
Order Number ICM7226AEV/Kit. 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been charactered but are not tested. 
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0356-6 

LED overflow Indicator connections: 

Overflow will be indicated on the decimal point output of digit 8. 

CATHODE ANODE 
ICM7226A d.p. Da 

iCM7226B Da d.p. 

Figure 4: Segment Identification and Dispiay Font 


COUNTED 



Figure 5: Waveform for Guaranteed 
Minimum fA(max) Function = Frequency, 
Frequency Ratio, Unit Counter. 


TIME INTERVAL MEASUREMENT 

The ICM7226A/B can be used to accurately measure the 
time interval between two events. With a 10 MHz time-base 
crystal, the time between the two events can be as long as 
ten seconds. Accurate resolution in time interval measure¬ 
ment is 100ns. 

The feature operates with Channel A going low at the 
start of the event to be measured, followed by Channel B 
going low at the end of the event. 

When in the time intervai mode and measuring a single 
event, the ICM7226A/B must first be “primed” prior to mea¬ 
suring the event of Interest. This is done by first generating 
a negative going edge on Channel A followed by a negative 
going edge on Channel B to start the “measurement inter¬ 
val.” The inputs are then primed ready for the measure¬ 
ment. Positive going edges on A and B, before or after the 
priming, will be needed to restore the original condition. 

Following the priming procedure (when in single event or 
1 cycle range input) the device is ready to measure one 
(only) event. 

When timing repetitive signals, it is not necessary to 
“prime” the ICM7226A/B as the first alternating signal 
states automatically prime the device. See Figure 7. 


INPUT A OR 
INPUT B 


4.SV* 

0.5V 



MEASURED 

INTERVAL 






0356-8 

Figure 6: Waveform for Guaranteed 
Minimum f^Cmax) and f A(max) for 
Function = Period and Time intervai. 


During any time Interval measurement cycle, the 
ICM7226A/B requires 200ms following B going low to up¬ 
date all Internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 

DETAILED DESCRIPTION 

INPUTS A & B 

The signal to be measured Is applied to INPUT A in fre¬ 
quency period, unit counter, frequency ratio and time 
interval modes. The other input signal to be measured is 
applied to INPUT B in frequency ratio and time intervai. 
fA should be higher than fe during frequency ratio. 

Both inputs are digital inputs with a typical switching 
threshold of 2.0V at Vdd= 5.0V and input impedance of 
250kn. For optimum performance, the peak to peak input 
signal should be at least 50% of the supply voltage and 
centered about the switching voltage. When these inputs 
are being driven from TTL logic, it is desirable to use a pull- 
up resistor. The circuit counts high to low transitions at both 
inputs. 

Note: The amplitude of the input should not exceed the supply by more than 
0.3V otherwise, the circuit may be damaged. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

A/OTE: AH typical values have been characterized but are not tested. 
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This can be easily accomplished with the following circuit: 
(Figure. 8 ). 


VdD 
I N.O.' 


I ’'OD 

r.o 


-- 


7=)E)— 


VDD 

lOk S 100k 


Figure 8: Priming Circuit, Signal A&B 
High or Low 


Device 

Type 

1 

CD4049B Inverting Buffer 

2 

CD4070B Exclusive-OR 


MULTIPLEXED INPUTS 

The FUNCTION, RANGE, CONTROL and EXTERNAL 
DECIMAL POINT inputs are time multiplexed to select the 
input function desired. This is achieved by connecting the 
appropriate digit driver output to the inputs. The input func¬ 
tion, range and control inputs must be stable during the last 
half of each digit output, (typically 125jas). The multiplex 
inputs are active high for the common anode ICM7226A, 
and active lov^^ for the common cathode ICM7226B. 


Noise on the multiplex inputs can cause improper opera¬ 
tion. This is particularly true when the unit counter mode of 
operation Is selected, since changes in voltage on the digit 
drivers can be capacitively coupled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
10 kft resistor should be placed in series with the multiplex 
inputs as shown in the application notes. 


Table 1 shows the functions selected by each digit for 
these inputs. 

Table 1: Multiple Input Control 



Function 

Digit 

FUNCTION INPUT 

Frequency 

Di 

Pin 4 

Period 

Ds 


Frequency Ratio 

Da 


Time Interval 

Ds 


Unit Counter 

D4 


Oscillator Frequency 

Ds 

RANGE INPUT 

0.01 Sec/1 Cycle 

Di 

PIN 21 

0.1 Sec/10 cycles 

D 2 


1 Sec/100 Cycles 

Ds 


10 Sec/Ik Cycles 

D4 

PIN 31 

Enable External Range 
Input 

Ds 

CONTROL INPUT 

Display Off 

D 4 & Hold 

PIN1 

Display Test 

1MHz Select 

External Oscillator Enable 
External Decimal Point 
Enable 

Ds 

D 2 

Di 

D3 

EXTERNAL DECIMAL 

Decimal Point is Output for Same 

POINT INPUT, PIN 20 

Digit That is Connected to This Input 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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CONTROL INPUTS 

Display Test — All segments are enabled continuously, 
giving a display of all 8 ’s with decimal points. The display 
will be blanked if display off is selected at the same time. 

Display Off — To enable the display off mode it is nec¬ 
essary to tie D 4 to the CONTROL input and have the HOLD 
input at Vdd- The chip will remain in this mode until HOLD is 
switched low. While in the display off mode, the segment 
and digit driver outputs are open and the oscillator contin¬ 
ues to run (with a typical supply current of 1.5mA with a 
10MHz crystal) but no measurements are made. In addition, 
signals applied to the multiplexed inputs have no effect. A 
new measurement is initiated after the HOLD input goes 
low. (This mode does not operate when functioning as a 
unit counter.) 

IMHz Select —The 1MHz select mode allows use of a 
1MHz crystal with the same digit multiplex rate and time 
between measurements as a 10MHz crystal. The internal 
decimal point is also shifted one digit to the right in period 
and time Interval, since the least significant digit will be in 
1 1 MS increments rather than 0.1 juts. 

External Oscillator Enable — in this mode, the EXTer- 
nal oscillator INput is used, rather than the on-chip oscilla¬ 
tor, for the Timebase and Main Counter inputs in period 
and time Interval modes. The on-chip oscillator will contin¬ 
ue to function when the external oscillator is selected, but 
have no effect on circuit operation. The external oscillator 
input frequency must be greater than 10OkHz or the chip will 
reset itself and enable the on-chip oscillator. Connect exter¬ 
nal oscillator to both OSC IN (pin 35) and EXT OSC IN (pin 
33), or provide crystal for “default” oscillation, to avoid 
hang-up problems If an external OSC or TXCO will always 
be used, AC couple to OSC IN. 

External Decimal Point Enable — When external deci¬ 
mal point is enabled, a decimal point will be displayed 
whenever the digit driver connected to the EXTERNAL 
DECIMAL POINT pin is active. Leading Zero Blanking will 
be disabled for all digits following the decimal point. 
RANGE INPUT 

The range input selects whether the measurement is 
made for 1 , 10 , 100 or 1000 counts of the reference coun¬ 
ter, or if the EXTernal RANGE INput determines the mea¬ 
surement time. In all functional modes except unit counter, 
a change in the RANGE input will stop the measurement in 
progress, without updating the display, and initiate a new 
measurement. This prevents an erroneous first reading after 
the RANGE input is changed. 

FUNCTION INPUT 

Six functions can be selected. They are; Frequency, Pe¬ 
riod, Time Interval, Unit Counter, Frequency Ratio and 
Oscillator Frequency. 

These functions select which signal is counted into the 
main counter and which signal is counted by the reference 
counter, as shown in Table 2. In time interval a flip flop is 
set first by a 1 ^ 0 transition at INPUT A and then reset by 
a 1 0 transition at INPUT B. The oscillator is gated into 

the Main Counter during the time the flip flop is set. A 
change in the FUNCTION input will stop the measurement 



in progress without updating the display and then initiate a 
new measurement. This prevents an erroneous first reading 
after the FUNCTION Input is changed. If the main counter 
overflows, an overflow indication is output on the Decimal 
Point Output during Ds. 

Table 2: Input Routing 


Description 

Main Counter 

Reference 

Counter 

Frequency (fA) 

Input A 

100 Hz (Oscillator 
^ 105 or 104) 

Period (tA) 

Oscillator 

Input A 

Ratio (fA/fe) 

Input A 

Input B 

Time Interval 
(A--^B) 

Osc ON 

Gate 

Osc OFF 

Gate 

Unit Counter 
(Count A) 

Input A 

Not Applicable 

Osc. Freq. 

(^osc) 

Oscillator 

100 Hz (Oscillator 
105 or “ 104 ) 


EXTERNAL DECIMAL POINT INPUT 


When the external decimal point is selected, this input 
is active. Any of the digits, except Ds, can be connected to 
this point. Ds should not be used since it will override the 
overflow output and leading zeros will remain unblanked af¬ 
ter the decimal point. 

HOLD Input — Except in the unit counter mode, when 
the HO LD input is at Vdd. any measurement in progress 
(before STORE goes low) is stopped, the main counter is 
reset and the chip is held ready to initiate a new measure¬ 
ment as soon as HOLD goes low. The latches which hold 
the main counter data are not updated, so the last complete 
measurement is displayed. In unit counter mode when 
HOLD input is at Vdd. the counter is not stopped or reset, 
but the display Is frozen at that instantaneous value. When 
HOLD goes low the count continues from the new value in 
the counter. 

RESET Input — The RESET Input resets the main coun¬ 
ter, stops any measurement in progress, and enables the 
main counter latches, resulting in an all zero output. A ca¬ 
pacitor to ground will prevent any hang-ups on power-up. 

EXTernal RANGE Input —The EXTernal RANGE Input 
is used to select other ranges than those provi ded on the 
chip. Figure 9 shows the relationship between MEASure- 
ment IN PROGRESS and EXTernal RANGE Input. 


REFERENCE 

COUNTER 

CLOCK 

mIas. 

iR PHtOCI^ESS 

“LTL 

XLTLTL 

I r 

EXT RANGE 
INPUT 


i 

I 

._ w 

0356-11 

Figure 9: External Range input to End of 

_ 

MEASUREMENT IN PROGRESS. 
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A/OTE: AH typical values have been characterized but are not tested. 


14-86 




ICM7226A/B 


^DINruli^DIL 


MEASUREMENT IN PROGRESS, STORE AND RESET 
Outputs — These Outputs are provided to facilitate exter¬ 
nal interfacing. Figure 10 shows the relationship between 
these signals during the time between measurements. All 
three outputs can drive a low power Schottky TTL load. The 
MEASUREMENT IN PROGRESS output can directly drive 
one ECL load, if the ECL device Is powered from the same 
power supply as the ICM7226. 



..-190 TO 200mt- 

MEASUREMENT 

IN PROGRESS 

1. 


j*.—*|— 40ms 

STORE 

30 TO 40m$- 

RESET OUT 

1_i 

-►! h-^ 60 ms 

_ n. 

I"*—►1— 40 m* 

0356-12 

Figure 10: RESET OUT, STORE, and 
MEASUREMENT iN PROGRESS Outputs 
Between Measurements. 


BCD Outputs —The BCD representation of each digit 
output is available at the BCD outputs; see Table 3 for Truth 
Table. The positive going (ICM7226A-Common Anode) or 
negative going (ICM7226B — Common Cathode) digit driv¬ 
ers lag the BCD data by 2 to 6 microseconds; the leading 
edge of the digit drive signal should be used to externally 
latch the BCD data. Each BCD output will drive one low 
power Schottky TTL load. The display is multiplexed from 
MSD to LSD. Leading zero blanking has no effect on the 
BCD outputs. 

Table 3: Truth Table BCD Outputs 


Number 

BCD 8 
Pin 7 

BCD 4 
Pine 

BCD 2 
Pin 17 


0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

7 

0 

1 

1 

1 

8 

1 

0 

0 

0 

9 

1 

0 

0 

1 


BUFFered OSCillator OUTput —The BUFFered OSCil- 
lator OUTput has been provided to enable use of the on 
chip oscillator signal without loading the oscillator itself. 
This output will drive one low power Schottky TTL load. 
Care should be taken to minimize capacitive loading on this 
pin. 

DISPLAY CONSIDERATIONS 

The display is multiplexed at a 500Hz rate with a digit time 
of 244jas, and an interdigit blanking time of 6|as to prevent 
ghosting between digits. The decimal point and leading zero 
blanking have been implemented for right hand decimal 
point displays; zeros following the decimal point will not be 
blanked. Leading zero blanking will also be disabled if the 


Main Counter overflows. The internal decimal point control 
displays frequency in kHz and time in jxs. 

The ICM7226A is designed to drive common anode LED 
displays at a peak current of 25mA/segment, using displays 
with Vf=1.8V at 25mA. The average DC current will be 
greater than 3mA under these conditions. The ICM7226B is 
designed to drive common cathode displays at a peak cur¬ 
rent of 1 5mA/segment, using displays with Vf=1.8V at 
15mA. Resistors can be added in series with the segment 
drivers to limit the display current, if required. Figures 11, 
12, 13 and 14 show the digit and segment currents as a 
function of output voltage for common anode and common 
cathode drivers. 
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Figure 11: ICM7226A Typical Iqig vs. Vqd-Vq 
4.5^Vdd^6-0V 
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Figure 12: ICM7226A Typical Iseg vs. Vq 
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Figure 13: ICM7226B Typical Iqig vs. Vq 
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Figure 14: ICM7226B Typical Iseg vs. (Vdd~ Vq) 
4.5 V ^Vdd^ 6.0 V 


To increase the light output from the displays, Vqd nfiay 
be increased to 6.0V, however care should be taken to see 
that maximum power and current ratings are not exceeded. 

The SEGment and Digit outputs in both the 7226A and B 
are not directly compatible with either TTL or CMOS logic. 
Therefore, level shifting with discrete transistors may be re¬ 
quired to use these outputs as logic signals. External latch¬ 
ing should be done on the leading edge of the digit signal. 

ACCURACY 

In a Universal Counter, crystal drift and quantization er¬ 
rors cause errors. In frequency, period and time interval 
modes, a signal derived from the oscillator is used either in 
the Reference Counter or Main Counter, and in these 
modes, an error in the oscillator frequency will cause an 
identical error in the measurement. For Instance, an oscilla¬ 
tor temperature coefficient of 20ppm/*C will cause a mea¬ 
surement error of 20ppm/®C. 

In addition, there is a quantization error inherent in any 
digital measurement of ± 1 count. Clearly this error is re¬ 
duced by displaying more digits. In the frequency mode, 
maximum accuracy is obtained with high frequency inputs, 
and in period mode maximum accuracy is obtained with low 
frequency inputs. As can be seen in Figure 15, the least 
accuracy will be obtained at 10kHz. In time interval mea¬ 
surements there is a maximum error of 1 count per interval. 
As a result there is the same inherent accuracy in all 
ranges, as shown in Figure 16. In frequency ratio mea¬ 
surement more accuracy can be obtained by averaging over 
more cycles of INPUT B as shown in Figure 17. 
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Figure 15: Maximum Accuracy of Frequency and 
Period Measurements Due to Limitations of 
Quantization Errors. 
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Figure 17: Maximum Accuracy for Frequency 
Ratio Measurement Due to Limitations of 
Quantization Errors. 
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CIRCUIT APPLICATIONS 

The ICM7226 has been designed as a complete stand 
alone Universal Counter, or used with prescaiers and other 
circuitry in a variety of applications. Since A IN and B IN are 
digital inputs, additional circuitry will be required in many 
applications, for input buffering, amplification, hysteresis, 
and level shifting to obtain the required digital voltages. For 
many applications an FET source follower can be used for 
input buffering, and an ECL10116 line receiver can be used 
for amplification and hysteresis to obtain high impedance 
input, sensitivity and bandwidth. However, cost and com¬ 
plexity of this circuitry can vary widely, depending upon the 
sensitivity and bandwidth required. When TTL prescalers or 
input buffers are used, pull up resistors to Vqo should be 
used to obtain optimal voltage swing at A IN and B IN. 

If prescalers aren’t required, the ICM7226 can be used to 
implement a minimum component Universal counter as 
shown in Figure 18. 


^DlNniiii^OIL 


For input frequencies up to 40MHz, the circuit shown In 
figure 14 can be used to implement a frequency and peri¬ 
od counter. To obtain the correct value when measuring 
frequency and period, it is necessary to divide the 10MHz 
oscillator frequency down to 2.5MHz. In doing this the time 
between measurements is lengthened to 800ms and the 
display multiplex rate is decreased to 125Hz. 

If the input frequency is prescaled by ten, the oscillator 
frequency can remain at either 10MHz or 1MHz, but the 
decimal point must be moved. Figure 20 shows use of a 
10 prescaler in frequency counter mode. Additional logic 
has been added to enable the 7226 to count the input di¬ 
rectly In period mode for maximum accuracy. Note that A 
IN comes from Qc rather than Qq, to obtain an Input duty 
cycle of 40%. If an output with a duty cycle not near 50% 
must be used then it may be necessary to use a 74LS121 
monostable multivibrator or similar circuit to stretch the in¬ 
put pulse to guarantee a 50ns minimum pulse width. 


EXT 

DISPLAY DISPLAY DSC 
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Figure 21:100MHz Frequency, Period Counter 


Figure 21 shows the use of a CD4016 analog multiplexer 
to multiplex the digital outputs back to the FUNCTION Input. 
Since the CD4016 is a digitally controlled analog transmis¬ 
sion gate, no level shifting of the digit output is required. 
C0405VS or CD4052’s could also be used to select the 
proper inputs for the multiplexed input on the ICM7226 from 
2 or 3 bit digital inputs. These analog multiplexers may also 
be used in systems in which the mode of operation is con¬ 
trolled by a microprocessor rather than directly from front 
panel switches. TTL multiplexers such as the 74LS153 or 
74LS251 may also be used, but some additional circuitry will 
be required to convert the digit output to TTL compatible 
logic levels. 

The circuit shown in Figure 22 can be used in any of the 
circuit applications shown to implement a sin gle meas ure- 
ment mode of operation. This circuit uses the STORE out¬ 
put to put the ICM7226 into a hold mode. The HOLD Input 
can also be used to reduce the time between measure¬ 
ments. The circuit shown in Figure 23 puts a short pulse into 
the HOLD input a short time after STORE goes low. A new 
measurement will be initiated at the end of the pulse on the 
HOLD Input. This circuit reduces the time between mea¬ 
surements to less than 40ms from 200ms; use of the circuit 
shown in Figure 23 on the circuit shown in Figure 19 will 
reduce the time between measurements from 1600ms to 
800ms. 



81 OPEN » SINGLE MEA8 MODE ENABLED 

82 CLOSED s INITIATE NEW MEASUREMENT 

S3 CLOSED « HOLD INPUT 


)1 OPEN-SINGLE MEAS MODE ENABLED 
>2 CLOSED-INITIATE NEW MEASUREMENT 
13 CLOSED-HOLD INPUT _ 

Figure 22: Single Measurement Circuit 
for Use With ICM7226 
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Figure 23: Circuit for Reducing Time 
Between Measurements 



Figure 25 shows the ICM7226 being interfaced to LCD 
displays, by using its BCD outputs and 8 digit lines to drive 
two ICM7211 display drivers. The ICM7226 EV/Kit may eas¬ 
ily be interfaced to 2 ICM7211 EV/Kits in this way. A similar 
arrangement can be used for driving vacuum fluorescent 
displays with the ICM7235. 


OSCILLATOR CONSIDERATIONS 

The oscillator is a high gain complementary FET Inverter. 
An external resistor of 10Mfl or 22Mn should be connected 
between the oscillator input and output to provide biasing. 
The oscillator is designed to work with a parallel resonant 
10MHz quartz crystal with a load capacitance of 22pF and a 
series resistance of less than 35n. Among suitable crystals 
is the 10MHz CTS KNIGHTS ISI-002. 

For a specific crystal and load capacitance, the required 
gm can be calculated as follows: 


gm=C|N Gout Rs ^ 1 


am '^iiN' 

where Gl 

■'UU 1 ■ 

\ cj 
( CinCqut ^ 


\G|n + GouT/ 

Co 

= 

Grystal static capacitance 

Rs 

= 

Grysta! Series Resistance 

Gin 

= 

Input Gapacitance 

Gout 

— 

Output Gapacitance 

ft) 

= 

27rf 


The required gm should not exceed 50% of the gm speci¬ 
fied for the ICM7226 to insure reliable startup. The oscillator 
input and output pins each contribute about 4pF to Gin and 
Gout- maximum frequency stability, G|n and Cqut 
should be approximately twice the specified crystal load ca¬ 
pacitance. 

in cases where nondecade prescalers are used, it may be 
desirable to use a crystal which is neither 10MHz nor 1 MHz. 
In this case both the multiplex rate and the time between 
measurements will be different. The multiplex rate Is 

^mux =for 10MHz mode and fmux = " -- ~ o ^or the 
2X104 2X103 

2 x 106 

1MHz mode. The time between measurements is —--in 

•osc 

2X105 

the 10MHz mode and —--in the 1MHz mode. The buff- 

'osc 

ered oscillator output should be used as an oscillator test 
point or to drive additional logic; this output will drive one 
low power Schottky TTL load. When the buffered oscillator 
output is used to drive GMOS or the external oscillator input, 
a 10kn resistor should be added from the buffered oscilla¬ 
tor output to Vdd- 

The crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup from 
other signals. In particular, coupling from the BUFFfered 
OSGillator OUTput and EXTernal OSGillator INput to the 
OSGiliator OUTput or OSGillator INput can cause undesir¬ 
able shifts in oscillator frequency. To minimize this coupling, 
pins 34 and 37 should be connected to Vqd or Vss and 
these two signals should be kept away from the oscillator 
circuit. 


TYPICAL LCD DISPLAY 
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Figure 25:10MHz Universal Counter System with 
LCD Display 


INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


14-92 





ICM7236 

4y2-Digit Counter/Vacuum 
Fiuorescent Dispiay Driver 

GENERAL DESCRIPTION 

The ICM7236 and ICM7236A devices are high-perform¬ 
ance CMOS 4y2-digit counters. They include 7-segment de¬ 
coders, output latches, count inhibit, reset, and leading zero 
blanking circuitry, as well as twenty-nine high-voltage open 
drain P-channel transistor outputs suitable for driving non- 
multiplexed (static) vacuum fiuorescent displays. 

The ICM7236 is a decade counter, providing a maximum 
count of 19999, while the ICM7236A is Intended for timing 
purposes, and provides a maximum count of 15959. 

The counter section of the two devices in the ICM7236 
family provides direct static counting from DC to 15MHz 
guaranteed (with a 5V ±10% supply) over the operating 
temperature range. At normal room temperatures, the de¬ 
vice will typically count up to 25MHz. The COUNT input Is 
provided with a Schmitt trigger for operation in noisy envi¬ 
ronments and allows correct counting with slowly changing 
Inputs. These devices also provide count Inhibit, store and 
reset circuitry which allow a direct interface to the ICM7207 
devices. This results in a low cost, low power frequency 
counter with minimum component count. 

These devices also Incorporate featur es intend ed to sim¬ 
plify cascading in four-digit blocks. The CARRY output al¬ 
lows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allow correct leading zero 
blanking between four-decade blocks. 

The ICM7236 and ICM7236A are packaged In a standard 
40-pin dual-in-line plastic and CERDIP packages. 


ORDERING INFORMATION 


ORDER PART 
NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ICM7236IJL 

-40‘’C to + 85‘’C 

40-PIN OERDIP 

ICM7236AIJL 

-40"C to + 85"C 

40-PIN OERDIP 

ICM7236IPL 

-40‘’Cto + 85‘’C 

40-PIN PLASTIO DIP 

ICM7236AIPL 

-40"C 10 + 85*0 

40-PIN PLASTIO DIP 

ICM7236/D 

-40*0 to+ 85*0 

DlOE 

ICM7236A/D 

-40*0 to+ 85*0 

DlOE 

ICM7236EV/KIT 


EVALUATION KIT 



FEATURES 

• High Frequency Counting — Guaranteed 15MHz, 
Typicaliy 25MHz at Ta-25X 

• Low Power Operation —• Less Than lOOjmW 
Quiescent 

• Direct 4y2-Digit Seven-Segment Dispiay Drive for 
Non-Multipiexed Vacuum Fiuorescent Displays 

• STORE and RESET Inputs Permit Operation As 
Frequency or Period Counter 

• True COUNT INHIBIT Disables First Counter Stage 

• CARRY Output for Cascading Four-Digit Blocks 

• Schmitt-Trigger On COUNT Input Allows Operation in 
Noisy Environments or With Slowly Changing Inputs 

• Leading Zero Blanking INput and OUTput for Correct 
Leading Zero Blanking With Cascaded Devices 
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Figure 1: Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Note 1) .0.5W @ +70‘’C Operating Temperature Range .-40“Cto +85“C 

Supply Voltage (Vdd“Vss) .6.5V Storage Temperature Range.-65®Cto+150“C 

Display Voltage (Note 3) . Vqd -36V Lead Temperature (Soldering, 10sec) .300®C 

Input Voltage .* — (Vss-0.3V) to (Vdd+0-3V) 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (Vdd=5V, Vss=0V, Ta=25°c, unless otherwise indicated). 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IWl 

[Q3I 




Operating Supply Voltage Range (Vdq-Vss) 


3 

5 

6 


•dd 

Operating Current 

Test circuit. Display blank 


10 

B9I 



Display Voltage 




KB 


•dlk 

Display Output Leakage 

Output OFF, Vdisp—Vdd ~ 30V 


0.1 

10 


•p 

Input Pullup Currents 

Pins 29, 31,33, 34 V|n = Vdd-3V 


10 



V|H 

Input High Voltage 

Pins 29,31,33, 34 

3 




V|L 

Input Low Voltage 

Pins 29, 31,33, 34 



2 


VcT 

COUNT Input Threshold 



2 



VCH 

COUNT Input Hysteresis 



0.5 



Iqh 

Output High Current 

CARRY (Pin 28), LZB OUT (Pin 30) 
VouT^Vqq—3V. 

350 

500 


juiA 

•OL 

Output Low Current 

CARRY (Pin 28), LZB OUT (Pin 30) 
VoUT= +3V. 

350 

500 


jliA 


Count Frequency 

4.5V<Vdd<6V 

0 

25 

15 

MHz 

^S> ^W 

STORE, RESET Minimum Pulse Width 





jUS 


NOTES: 1. This limit refers to that of the package and will not occur during normal operation. 

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than Vqd or less 
than ground may cause destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same 
power supply be applied to the device before its supply is established, and that in multiple supply systems, the supply to the ICM7236/7236A be turned 
on first. 

3. This limit refers to the display output terminals only. 
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OPERATING CHARACTERISTICS 


INPUT 

TERMINAL 

VOLTAGE 

FUNCTION 

Leading Zero Blanking Input 
(LZB IN) 

29 

Vdd or Floating 

Vss 

Leading Zero Blanking Enabled 
Leading Zeroes Displayed 

COUNT INHIBIT 

31 

Vdd or Floating 

Vss 

Counter Enabled 

Counter Disabled 

RESET 

33 

Vdd or Floating 

Vss 

Inactive 

Counter Reset to 0000 

STORE 

34 

Vdd or Floating 

Vss 

Output Latches Not Updated 

Output Latches Updated 

Display ON/OFF 

5 

Vdd 

Vss 

Display Outputs Disabled 

Display Outputs Enabled 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Output Characteristics Maximum Count Frequency (Typicai) Suppiy Current as a Function of 

Vq as a Function of Suppiy Voitage Count Frequency 



SUPPLY VOLTAGE VOD - VSS 0357-6 

0357-5 


DESCRIPTION OF OPERATION 

Both devices in the ICM7236 family provide twenty-nine 
outputs suitable for directly driving the anode terminals of 
digit seven-segment non-multiplexed (static) vacuum- 
fluorescent displays. Each display output is the drain of a 
high-voltage low-leakage P-channel transistor, capable of 
withstanding typically greater than -35 volts with respect to 
Vdd- The output characteristics are shown graphically un¬ 
der “Typical Characteristics.” 

These chips also provide a display ^/OFF input which 
may be used to disable all the segment outputs and thus 
blank the display. This input may also be used to control the 
display brightness by varying the duty cycle of a signal at 
the Input swinging between Vdd and Vss- 

Note that these circuits have two terminals for VddJ both 
of these pins should be connected to the power supply pos¬ 
itive terminal. The double connection is necessary to mini¬ 
mize effects of bond wire resistance with the large total dis¬ 
play currents possible. 

These chips may also be used to directly drive non-multi¬ 
plexed common-cathode LED displays, where each seg¬ 
ment of the display is driven by one ICM7236 output, and 
the common cathode is connected to ground. With a 5V 
power supply and a 1.7V LED diode forward voltage drop, 
the current in an “ON” segment will be typically 3mA. This 
should provide sufficient brightness in displays up to about 
0.3" character height. 




COUNTER SECTION 

The devices in the ICM7236 family implement a four-digit 
ripple-carry resettab le count er, including a Schmitt trigger 
COUNT input and a CARRY output. Also included is an ex¬ 
tra D-type flip-flop, clocked by the carry signal, which con¬ 
trols the half-digit segment driver. This can be used as ei¬ 
ther a true half-digit or as an overflow indicator. The counter 
will increment on the neg ative-go ing edge of the signal at 
the COUNT input, and the CARRY output will provide a neg¬ 
ative-going edge following the count which increments the 
counter from 9999 (or 5959) to 10000. Once half-digit flip- 
flop has been clocked, it can only be r eset (wi th the rest of 
the counter) by a negative level at the RESET terminal, pin 
33. However, the four decades will continue to count in a 
normal fashion after the half-digit is set, and subsequent 
CARRY outputs will not be affected. 
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A negative level at the COUNT INHIBIT disables the first 
divide-by-two flip-flop in the counter chain without affecting 
its clock. This provides a true count inhibit which is not 
sensitive to the state of the COUNT input, and prevents 
false counts which can result from a normal logic gate forc¬ 
ing the state of the clock to prevent counting. 

Each decade is fed directly into a four-to-seven line de¬ 
coder which generates the seven-segment output code. 
Each decoder output corresponds to one-segment terminal 
of t he devic e. The output data is latched at the driver. When 
the STORE pin is at a negative level, the latches are updat¬ 
ed, and when the pin is left open or at a positive level, the 
latches hold their contents. 

The decoders also Include zero detect and blanking logic 
to provide leading zero blanking. When the Leading Zero 
Blanking INput is floating, or at a positive level, this circuitry 
is enabled and the device will blank leading zeroes. When 
the Leading Zero Blanking INput is at a negative level, or 
the half-digit is set, leading zero blanking is inhibited, and 
zeroes In the four digits will be displayed. The Leading Zero 
Blanking OUTput is provided to allow cascaded devices to 
blank leading zeroes correctly. This output will assume a 
positive level only when all four digits are blanked, and can 


only occur when the Leading Zero Blanking INput is at a 
positive level and the half-digit is not set. 

For example, on an eight-decade counter with overflow 
using two ICM7236 devices, the Leading Zero Blanking 
OUTput of the high-order digit device would be connected 
to the Leading Zero Blanking INput of the low-order digit 
device. This will assure correct leading zero blanking for all 
eight digits. 

The STORE, RESET, COUNT INHIBIT, and Leading Zero 
Blanking INputs are provided with internal pullup devices, 
so that th ey may b e left open when a positive level is de¬ 
sired. The CARRY and Leading Zero OUTputs are suitable 
for interfacing to CMOS logic in general, and are specifically 
designed to allow cascading of ICM7236 devices in four¬ 
digit blocks. 

CONTROL INPUT DEFINITIONS 

In this table, Vdd and Vss are considered to be normal 
operating input logic levels. Actual input low and high levels 
are specified under Operating Characteristics. For lowest 
power consumption, input signals should swing over the full 
supply. 


OPEN-DRAIN HIGH-VOLTAQE P-CHANNEL TRANSISTOR OUTPUTS 



VACUUM FLUORESCENT DISPLAYS (4y2-DiGIT): 

N.E.C. Electronics, Inc. 

Model FIP5F8S 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


14-97 


ICM7236 
















ICM7240/ICM7250 


ICM7240/ICM7250 

Programmable Timer 

GENERAL DESCRIPTION 

The ICM7240/50 is a family of CMOS Timer/Counter cir¬ 
cuits intended to replace Intersil’s ICM8240/50 and the 
2240 in most applications. Together with the ICM7555/56 
(CMOS versions of the SE/NE 555/6), they provide a com¬ 
plete line of RC oscillators/timers/counters offering lower 
supply currents, wider supply voltage ranges, higher operat¬ 
ing frequencies, lower component counts and a wider range 
of timing components. They are intended to simplify the se¬ 
lection of various time delays or frequency outputs from a 
fixed RC oscillator circuit. 

Each device consists of a counter section, control circuit¬ 
ry, and an RC oscillator requiring an external resistor and 
capacitor. For counter/divider applications, the oscillator 
may be inhibited and an input clock applied to the TB termi¬ 
nal. The ICM7240 is intended for straight binary counting or 
timing, whereas the ICM7250 is optimized for decimal 
counting or timing. Both devices use open drain output tran¬ 
sistors, thereby allowing wire AND-ing. Manual program¬ 
ming is easily accomplished by the use of standard thumb¬ 
wheel switches or hardwired connections. The ICM7240/50 
are packaged in 16 pin CERDIP packages. 

Applications include programmable timing, long delay 
generation, cascadeable counters, programmable counters, 
low frequency oscillators, and sequence timing. 


16 3y* 

-^N/C(7240) 
“^^CARRY OUT (7250) 
U □TBI/0 
13 3RC 
12 DMOD 
11 □ TRIGGER 
10 PRESET 
9 DGND 
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16 DY* 

_/N/C(7240) 
-'"-CARRY OUT (7250) 
14 DTSI/O 
13 DRC 
12 DMOD 
11 □TRIGGER 
10 PRESET 
9 DGND 
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ICM7250 

Figure 2: Pin Configurations 
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FEATURES 

• Replaces 8240/50, 2240 in Most Applications 

• Timing From Microseconds to Days 

• May Be Used As Fixed or Programmable Counter 

• Programmable With Standard Thumbwheel Switches 

• Select Output Count From 
IRC to 255RC (ICM7240) 

IRC to 99RC (ICM7250) 

• Monostable or Astabie Operation 

• Low Supply Current: 115)xA @ 5 Volts 

• Wide Supply Voltage Range: 2-16 Volts 

• Cascadeable 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7240IJE 

-25'’Cto +85‘’C 

16 Lead CERDIP 

ICM7250IJE 

-25'’Cto +85'’C 

16 Lead CERDIP 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdq-Vss) .18V 

Input Voltage[1] 

Terminals 10,11,12,13,14 .Vss -0.3Vto Vdd + 0.3V 

Maximum continuous output 

current (each output).50mA 


Power Dissipation[2]. 200mW 

Operating Temperature Range .-25®Cto+85®C 

Storage Temperature Range.-65“Cto +150®C 

Lead Temperature (Soldering, lOsec) . 300°C 


NOTES: 1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vqd or less than Vss cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same supply be applied to the device 
before its supply is established, and that in multiple supply systems, the supply to the ICM7240/50 be turned on first. 


2. Derate at -2mW/‘’C above 26'’C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

(Vdd=5V, Vss=0V, Ta= +25°C, R = 10kfl, C=0.1|u.F, unless Otherwise specified.) 



Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

HIQQIIII 

Guaranteed Supply Voltage 
(Vdd-Vss) 


2 


16 

V 


Supply Current 

Reset 


125 





Operating, R = 10kft, C=0.1 juiF 


300 

800 




Operating, R = 1 Mft, C=0.1 /xF 


120 

600 




TB Inhibited, RC Connected to GND 


125 



■■■ 

Timing Accuracy 



5 



Af/AT 

RC Oscillator Frequency 
Temperature Drift 

(Exclusive of RC Drift) 


250 




Time Base Output Voltage 

•source = 


IQ9 





lsiNK=1-0mA 





Itblk 

Time Base Output 

Leakage Current 

RC=Ground 






Mod Voltage Level 

Vdd = 5V 




VI 



Vdd=15V 





VjRIG 

Trigger Input Voltage 

> 

in 

II 

Q 

Q 

> 







Vdd=15V 





Vrst 

Reset Input Voltage 

Vdd=5V 







II 

Ol 

< 





ft 

Max Count Toggle Rate 

Vdd = 2V ] 


1 




7240 

Vdd=5V V Counter/Divider Mode 

2 

6 





Vdd=15V J 

50% Duty Cycle Input with Peak to 

Peak Voltages Equal to Vqd and Vss 


13 




Max Counter Toggle Rate 

Vdd=5V 

2 

5 


MHz 


7250 

(Counter/Divider Mode) 





ft 

Max Count Toggle Rate 

Programmed Timer — Divider Mode 




kHz 

VSAT 

Output Saturation Voltage 

All Outputs except TB Output 

Vdd=5V, Iout'^S-^ mA 




V 

•OLK 

Output Leakage Current 

Vdd= 5V, per Output 



1 

fjiA 

c, 

MIN Timing Capacitor (Note 1) 





PF 

Rt 

Timing Resistor Range (Note 1) 

Vdd^5.5V 







Vdd^16V 






NOTE: 1. For Design only, not tested. 
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14-99 


ICM7240/ICM7250 



















































ICM7240/ICM7250 


^DSm^fllL 


ICM7240/ICM7250 



S1-A=RC RUN S2-A-INACTIVE S3-A= INACTIVE 
B = T.B. INPUT RUN B = TRIGGER B = RESET 

NOTE: S1-B INHIBITS THE TIMEBASE SECTION, ALLOWING 
TERMINAL 14 TO BECOME THE COUNTER INPUT. 


** TERMINAL 15 IS CARRY OUTPUT FOR 7250 DEVICES. 


Figure 3: Test Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 


RECOMMENDED RANGE OF TIMING COMPONENT 
VALUES FOR ACCURATE TIMING 



SUPPLY VOLTAGE (V) 


0358-4 



TIMEBASE FREE RUNNING FREQUENCY 
AS A FUNCTION OF R AND C 



.1 1 10 100 IK 10K 100K 1M lOM 
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MINIMUM TRIGGER PULSE WIDTH AS A 
FUNCTION OF TRIGGER AMPLITUDE 



TIME BASE FREQUENCY (Hz) 


0358-7 


0358-6 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

MINIMUM RESET PULSE WIDTH AS A NORMALIZED FREQUENCY STABILITY IN THE 

FUNCTION OF RESET AMPLITUDE ASTABLE MODE AS A FUNCTION OF%EMPERATURE 



RESET AMPLITUDE (VOLTS) 


0358-8 

NORMALIZED FREQUENCY STABILITY IN THE ASTABLE 
MODE AS A FUNCTION OF SUPPLY VOLTAGE 



MAXIMUM DIVIDER FREQUENCY vs. SUPPLY VOLTAGE* 



0358-11 


0358-10 

DISCHARGE OUTPUT CURRENT AS A FUNCTION OF 
DISCHARGE OUTPUT VOLTAGE 



.01 0.1 1 10 
DISCHARGE SATURATION VOLTAGE (V) 


OUTPUT SATURATION CURRENT AS A FUNCTION OF 
OUTPUT SATURATION VOLTAGE 
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CIRCUIT DESCRIPTION 

The timing cycle is initiated by applying a positive-going 
trigger pulse to pin 11. This pulse enables the counter sec¬ 
tion, sets all counter outputs to the LOW or ON state, and 
starts the time base oscillator. Then, external C is charged 
through external R from 20% to 70% of Vdd-Vss. generat¬ 
ing a timing waveform with period t, equal to 1RC. A short 
negative clock or time base pulse occurs during the capaci¬ 
tor discharge portion of the waveform. These clock pulses 
are counted by the binary counter of the 7240 or by two 
cascaded Binary Coded Decimal (BCD) Counters In the 
7250. The timing cycle terminates when a positive level Is 
applied to RESET. When the circuit is at reset, both the time 
base and the counter sections are disabled and all the 
counter outputs are at a HIGH or OFF state. The carry-out 
is also HIGH. Both devices utilize an identical timebase, 
control flip-flops, and basic counters, with the outputs con¬ 
sisting of open drain n-channel transistors. Only the 
ICM7250 has CARRY outputs. 

In most timing applications, one or more of the counter 
outputs are connected back to RESET, the circuit will start 
timing when a TRIGGER is applied and will automatically 
reset itself to complete the timing cycle when a pro¬ 
grammed count is completed. If none of the counter outputs 
are connected back to the RESET (switch Si open), the 
circuit operates In its astable, or free-running mode, after 
initial triggering. 

DESCRIPTION OF PIN FUNCTIONS 

COUNTER OUTPUTS (PINS 1 THROUGH 8) 

Each binary counter output is a buffered “open-drain” 
type. At reset condition, all the counter outputs are at a 
high, or non-conducting state. After a trigger input or when 
using the internal timebase, the outputs change state (see 
timing diagram. Figure 4). If an external clock input is used, 
the trigger input must overlap at least the first failing edge of 
the clock. The counter outputs can be used individually, or 
can be connected together in a wired-AND configuration, as 
described in the Programming section. 



Vss (PIN 9) 

This is the return or most negative supply pin. It should 
have a very low impedance as the capacitor discharge and 
other switched currents could create transients. 

RESET AND TRIGGER INPUTS (PINS 10 AND 
11 ) 

The circuits are reset or triggered by a positive level ap¬ 
plied to pins 10 and 11, and once triggered they Ignore addi¬ 
tional trigger Inputs until either the timing cycle is completed 
or a reset signal is applied, if both reset and trigger are 
applied simultaneously trigger overrides reset. Minimum in¬ 
put pulse widths are shown in the typical performance char¬ 
acteristics. Note that all devices feature power ON reset. 
MODULATION AND SYNC INPUT (PIN 12) 

The period, t, of the time base oscillator can be modulat¬ 
ed by applying a DC voltage to this terminal. The time base 
oscillator can be synchronized to an external clock by ap¬ 
plying a sync pulse to pin 12. 

TIMEBASE INPUT/OUTPUT PIN (PIN 14) 

While this pin can be used as either a time base input or 
output terminal, it should only be used as an input if the RC 
pin is connected to Vss- 

If the counter Is to be externally driven, care should be 
taken to ensure that fall times are fast (see Operating Limits 
section). 

Under no conditions is a SOOpF capacitor on this terminal 
useful and should be removed If a 7240/50 is used to re¬ 
place an 8240/50 or 2240. 

CARRY OUTPUT (PIN 15, ICM7250 ONLY) 

This pin will go HI for the last 10 counts of a 59 or 99 
count, and can be used to drive another 7250 counter stage 
while still using all the counter outputs of the first. Thus, by 
cascading several 7250’s a large BCD countdown can be 
achieved. 

The basic timing diagrams for the ICM7240/50 are shown 
In Figure 4. Assuming that the device is in the RESET 
mode, which occurs on powerup or after a positive level on 
the RESET terminal (if TRIGGER Is low), a positive level on 
the trigger input signal will initiate normal operation. The 
discharge transistor turns on, discharging the timing capaci¬ 
tor C, and all the flip-flops in the counter chain change 
states. 

Note that for straight binary counting the outputs are sym¬ 
metrical; that is, a 50% duty cycle HI-LO. This is not the 
case when using BCD counting. (See Figure 6.) 

PROGRAMMING CAPABILITY 

The counter outputs, pins 1 through 8, are open-drain N- 
channel FETs, and can be shorted together to a common 
pull-up resistor to form a “wired-AND” connection. The 
combined output will be LOW as long as any one of the 
outputs is low. Each output is capable of sinking ~ 5mA. In 
this manner, the time delays associated with each counter 
output can be summed by simply shorting them together to 
a common output. For example, if only pin 6 is connected to 
the output and the rest left open, the total duration of the 
timing cycle (monostable mode) to would be 32t for a 7240 
and 20t for a 7250. Similarly, if pins, 1, 5, and 6 were 


INtERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

NOTE: AH typical values have been characterized but are not tested. 
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shorted to the output bus, the total time delay would be 
to = (1 +16 + 32)t for the 7240 or (1 +10 + 20)t for the 7250. 
Thus, by selecting the number of counter terminals con¬ 
nected to the output bus, the timing cycle can be pro¬ 
grammed from: 

1t^to<255t (7240) 

1t^to^99t (7250) 

Note that for the 7250, invalid count states (BCD 
values^ 10) will not be recognized and the counter will not 
stop. 

The 7240/50 can be configured to initiate a controlled 
timing cycle upon power up, and also reset internally; see 
Figure 5. Applications for this could include lawn watering 
sprinkler timing, pump operation, etc. 

BINARY OR DECIMAL PATTERN 
GENERATION 

In astable operation, as shown in Figure 5, the output of 
the 7240/50 appears as a complex pulse pattern. The 
waveform of the output pulse train can be determined di¬ 
rectly from the timing diagram of Figure 4, which shows the 
phase relations between the counter outputs. Figure 6 
shows some of these complex pulse patterns. The pulse 
pattern repeats itself at a rate equal to the period of the 
highest counter bit connected to the common output bus. 
The minimum pulse width contained in the pulse train is 
determined by the lowest counter bit connected to the out¬ 
put. 

THUMBWHEEL SWITCHES 

While the ICM7240 is frequently hard wired for a particu¬ 
lar function, the ICM7250 can easily be programmed using 
thumbwheel switches. Standard BCD thumbwheel switches 
have one common and four inputs (1,2,4 and 8) which are 
connected according to the binary equivalent to the digits 0 
through 9. 


For a single ICM7250 two such switches would select a 
time of IRC to 99RC. Cascading two ICM7250’s (using the 
carry out gate) would expand selection to 9999RC. 

NOTES ON THE COUNTER SECTION 

Used as a straight binary counter (ICM7240), or as a 
^100 (ICM7250), both devices are significantly faster than 
their bipolar equivalents. However, when using these devic¬ 
es as programmable counters the maximum frequency of 
operation is reduced by more than an order of magnitude. 
For any division ratio other than 256 (ICM7240), or 100 
(ICM7250), the maximum input frequency must be limited to 
approximately 100kHz or less (with Vdd equal to + 5 volts). 
The reason for this is two-fold: 

a. Since Ripple counters are used, there is a propaga¬ 
tion delay between each individual ^2 counter (8 
counters for the ICM7240/50). Outputs from the in¬ 
dividual -^2 counters are AND’ed together to pro¬ 
vide the output signal and the RESET/TRIGGER 
signal. 

b. There must be a delay of the positive going output 
to RESET, (pin 10) and TRIGGER (pin 11). The RE¬ 
SET signal must therefore be generated first, and 
from this signal another signal is obtained through a 
delay network. The TRIGGER overrides RESET. 

The delay between TRIGGER and RESET is generated 
by the signal RC network consisting of the 56kfl resistor 
and the 330pF capacitor. 

The delay caused by the counter ripple delays can be as 
long as 2/xs (5 volt supply), and the delay between RESET 
and TRIGGER should be at least 2jlis. The sum of these 
two delays cannot be greater than one-half of the input 
clock period for reliable operation. See Figure 7 and 8. 



it FOR POWER UP TRIGQERING(tw = 185ms) USE CIRCUIT SHOWN 
AND OMIT EXTERNAL PULSE. 


0358-15 

Figure 5: Generalized Circuit for Timing Applications 
(Switch Si open for astabie operation, closed for monostable operation) 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 


14-103 


ICM7240/ICM7250 




ICM7240/ICM7250 


ICM7240/ICM7250 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


14-104 











ICM7240/ICM7250 


^DINnHi^DIL 


APPLICATIONS 

GENERAL CONSIDERATIONS 

Shorting the RC terminal or output terminals to Vqd iriay 
exceed dissipation ratings and/or maximum DC current lim¬ 
its (especially at high supply voltages). 

There is a limit of 50pF maximum loading on the TB I/O 
terminal If the timebase is being used to drive the counter 
section. If higher value loading is used, the counter sections 
may miscount. 

For greatest accuracy, use timing component values 
shown in the graph under Typical Performance Characteris¬ 
tics. For highest frequency operation it will be desirable to 
use very low values for the capacitor; accuracy will de¬ 
crease for oscillator frequencies in excess of 200kHz. 

When driving the counter section from an external clock, 
the optimum drive waveform is a square wave with an am¬ 
plitude equal to supply voltage. If the clock is a very slow 
ramp triangular, sine wave, etc., it will be necessary to 
“square up” the waveform (rise/fall time juts); this can be 
done by using two CMOS Inverters in series, operating from 
the same supply voltage as the ICM 7240/50. 

By cascading devices, use of low cost CMOS AND/OR 
gates and appropriate RC delays between stages, numer¬ 
ous sequential control variations can be obtained. Typical 
applications include injection molding machine controllers, 
phonograph record production machines, automatic se¬ 
quencers (no metal contacts or moving parts), milling ma¬ 
chine controllers, process timers, automatic lubrication sys¬ 
tems, etc. 

By selection of R and C, a wide variety of sequence tim¬ 
ing can be realized. A typical flow chart for a machine tool 
controller could be as follows: 


• TRIGGERING CAN BE 
OBTAINED FROM A 
PREVIOUS STAGE, A 
LIMIT SWITCH, OPER¬ 
ATOR SWITCH,ETC. 



ICM7240 


ICM7240 


ICM7240 


ICM 7240 


ICM7240 


"isirp j rp i rpi™! 

WAIT ENABLE WAIT COUNT ENABLE 

5 SEC. 10 SEC. 5 SEC. T0185 5 SEC. 
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Figure 9 
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CMOS PRECISION PROGRAMMABLE 
0-99 SECONDS/MINUTES 
LABORATORY TIMER 

The ICM7250 is well suited as a laboratory timer to alert 
personnel of the expiration of a preselected interval of time. 

When connected as shown in Figure 10, the timer can 
accurately measure preselected time intervals of 0 - 99 sec¬ 
onds or 0 - 99 minutes. A 5 volt buzzer alerts the operator 
when the preselected time interval is over. 


The circuit operates as follows: 

The time base is first selected with SI (seconds or min¬ 
utes), then units 0-99 are selected on the two thumbwheel 
switches S4 and S5. Finally, switch S2 is depressed to start 
the timer. Simultaneously the quartz crystal controlled divid¬ 
er circuits are reset, the ICM7250 is triggered and counting 
begins. The ICM7250 counts until the pre-programmed val¬ 
ue is reached, whereupon it is reset, pin 10 of the CD4082B 
is enabled and the buzzer is turned on. Pressing S3 turns 
the buzzer off. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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LOW POWER MICROPROCESSOR 
PROGRAMMABLE INTERVAL TIMER 

The ICM7240 CMOS programmable binary timer can be 
configured as a low cost microprocessor controlled interval 
timer with the addition of a few inexpensive CD4000 series 
devices. 

With the devices connected as shown in Figure 11, the 
sequence of operation is as follows: 

The microprocessor sends out an 8 bit binary code on its 
8 bit I/O bus (the binary valu e neede d to program the 
ICM7240), followed by four WRITE pulses into the 
CD4017B decade counter. The first pulse resets the 8 bit 
latch, the second strobes the binary value into the 8 bit 


latch, the third triggers the ICM7240 to begin its timing cycle 
and the fourth resets the decade counter. 

The ICM7240 then counts the interval of time determined 
by the R-C value on pin 13, and the programmed binary 
count on pins 1 through 8. At the end of the programmed 
time interval, the interrupt one-shot is triggered, informing 
the microprocessor that the programmed time interval is 
over. 

With a resistor of approximately lOMft and capacitor of 
0.1 jiiF, the time base of the ICM7240 is one second. Thus, a 
time of 1 - 255 seconds can be programmed by the micro¬ 
processor, and by varying R or C, longer or shorter time 
bases can be selected. 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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ICM7242 

Long-Range 
Fixed Timer 



GENERAL DESCRIPTION 

The ICM7242 is a CMOS timer/counter circuit consisting 
of an RC oscillator followed by an 8-bit binary counter. It will 
replace the 2242 in most applications, with a significant re¬ 
duction in the number of external components. 

Three outputs are provided. They are the oscillator out¬ 
put, and buffered outputs from the flist and eighth counters. 

ORDERING INFORMATION 


FEATURES 

• Replaces The 2242 in Most Applications 

• Timing From Microseconds to Days 

• Cascadeable 

• Monostable or Astable Operation 

• Wide Supply Voltage Range: 2-16 volts 

• Low Supply Current: lISjaA @ 5 volts 



INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd to Vss) .18V 

Input Voltage tU 

Terminals (Pins 5, 6,7,8) ... (Vss -0.3V) to (Vdd +0.3V) 

Maximum continuous output current 

(each output).50mA 

Power Dissipation 12]. 200mW 

Operating Temperature Range 

ICM7242I.-25"Cto +85“C 

ICM7242C.0“Cto +70*0 

Storage Temperature Range.-SS^Cto +150“C 

Lead Temperature (Soldering, 10sec) . 300‘’C 

NOTES: 1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vqd or less than Vss cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same supply be applied to the device 
before its supply is established and, that in multiple supply systems, the supply to the ICM7242 be turned on first. 

2. Derate at -2mW/'’C above 25'’C. 


ELECTRICAL CHARACTERISTICS 

(Vdd~5V, Ta= +25'‘C, R = 10kn, C=0.1jiiF, Vss=0V unless Otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Vdd 

Guaranteed Supply Voltage 


2 


16 

V 

Idd 

Supply Current 

Reset 


125 


fiA 



Operating, R = 10kfl, C=0.1 juiF 


340 

800 

jiiA 



Operating, R = 1MH, C=0.1 juF 


220 

600 

IxA 



TB Inhibited, RC Connected to Vss 


225 


fiA 

■mil 

Timing Accuracy 



5 


% 

Af/AT 

RC Oscillator Frequency 
Temperature Drift 

Independent of RC Components 


250 


ppm/“C 

Vqtb 

Time Base Output Voltage 

•source ==100^ 


3.5 


V 



•siNK = 1-0nf^A 


0.40 


V 


Time Base Output 

Leakage Current 

RC=Ground 



25 

juA 

VtRIG 

Trigger Input Voltage 

Vdd=5V 


1.6 

2.0 

V 



Vdd=15V 


3.5 

4.5 

V 

VrsT 

Reset Input Voltage 

> 

10 

11 

Q 

Q 

> 


1.3 

2.0 

V 



Vdd=15V 


2.7 

4.0 

V 

•trig. 

Trigger/Reset Input Current 



10 


fxA 

•rst 







ft 

Max Count Toggle Rate 

> 

CM 

11 

O 

Q 

> 


1 


MHz 



Vdd=5V y Counter/Divider Mode 

2 

6 


MHz 



Vdd=15V J 

50% Duty Cycle Input with Peak to 

Peak Voltages Equal to Vdd and vss 


13 


MHz 

VSAT 

Output Saturation Voltage 

All Outputs except TB Output 

Vdd = 5V, louT=3.2mA 


0.22 

0.4 

V 

•source 

Output Sourcing 

> 

in 

11 

o 

o 

> 


300 




Current 7242 

Terminals 2 & 3, VouT = 1V 





Ct 

MIN Timing Capacitor (Note 1) 


10 



PF 

Rt 

Timing Resistor Range (Note 1) 

Vdd = 2 - 16 V 




a 


NOTE: 1. For Design only, not tested. 
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NOTE: Stresses above those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 
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• TIMEBASE PERIOD = 1.0RC; 
1 SEC. s 1MQ X VF 


0360-3 

NOTE: OUTPUTS ^21 AND -28 ARE INVERTERS AND HAVE ACTIVE PULLUPS. 

Figure 3: Test Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT ASA 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE |V) 
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RECOMMENDED RANGE OF TIMING COMPONENT 
VALUES FOR ACCURATE TIMING 



TIMING CAPACITOR, C (aiF) 


TIMEBASE FREE RUNNING FREQUENCY 
AS A FUNCTION OF R AND C 



.1 1 10 100 IK 10K 100K 1M 10M 


DIMENSIONS IN INCHES AND MILLIMETERS 
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MINIMUM TRIGGER PULSE WIDTH AS A 
FUNCTION OF TRIGGER AMPLITUDE 



0123456789 10 


TRIGGER AMPLITUDE (VOLTS) 


TIME BASE FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


MINIMUM RESET PULSE WIDTH AS A NORMALIZED FREQUENCY STABILITY IN THE ASTABLE 

FUNCTION OF RESET AMPLITUDE MODE AS A FUNCTION OF SUPPLY VOLTAGE 
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NORMALIZED FREQUENCY STABILITY IN THE ASTABLE 
MODE AS A FUNCTION OF TEMPERATURE 



-25 0 •*■25 •*•50 •*•75 


MAXIMUM DIVIDER FREQUENCY vs. SUPPLY VOLTAGE 



0 2 4 6 8 10 12 14 16 18 20 


SUPPLY VOLTAGE (V) 
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TEMPERATURE TO 
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DISCHARGE OUTPUT CURRENT AS A 
FUNCTION OF DISCHARGE OUTPUT VOLTAGE 


OUTPUT SATURATION CURRENT AS A 
FUNCTION OF OUTPUT SATURATION VOLTAGE 



DISCHARGE SATURATION VOLTAGE (V) 
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OUTPUT SATURATION VOLTAGE (V) 
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OPERATING CONSIDERATIONS 

Shorting the RC terminal or output terminals to Vdd may 
exceed dissipation ratings and/or maximum DC current lim¬ 
its (especially at high supply voltages). 

There is a limitation of 50pF maximum loading on the TB 
I/O terminal if the timebase is being used to drive the coun¬ 
ter section. If higher value loading is used, the counter sec¬ 
tions may miscount. 

For greatest accuracy, use timing component values 
shown in the graph under typical performance characteris¬ 
tics. For highest frequency operation it will be desirable to 
use very low values for the capacitor; accuracy will de¬ 
crease for oscillator frequencies in excess of 200KHz. 

When driving the counter section from an external clock, 
the optimum drive waveform is a square wave with an am¬ 
plitude equal to supply voltage. If the clock is a very slow 
ramp triangular, sine wave, etc., it will be necessary to 
“square up” the waveform; this can be done by using two 
CMOS inverters in series, operating from the same supply 
voltage as the ICM7242. 

The ICM7242 is a non-programmable timer whose princi¬ 
pal applications will be very low frequency oscillators and 
long range timers; It makes a much better low frequency 
oscillator/timer than a 555 or ICM7555, because of the on- 
chip 8-bit counter. Also, devices can be cascaded to pro¬ 
duce extremely low frequency signals. 

Because outputs will not be AND’d, output inverters are 
used instead of open drain N-channel transistors, and the 
external resistors used for the 2242 will not be required for 
the ICM7242. The ICM7242 will, however, plug into a socket 
for the 2242 having these resistors. 

The timing diagram for the ICM7242 is shown in Figure 4. 
Assuming that the device is in the RESET mode, which oc¬ 
curs on powerup or after a positive signal on the RESET 
terminal (If TRIGGER is low), a positive edge on the trigger 
input signal will initiate normal operation. The discharge 
transistor turns on, discharging the timing capacitor C, and 
ail the flip-flops In the counter chain change states. Thus, 
the outputs on terminals 2 and 3 change from high to low 
states. After 128 negative timebase edges, the -J- 28 output 
returns to the high state. 

To use the 8-bit counter without the timebase, terminal 7 
(RC) should be connected to ground and the outputs taken 
from terminals 2 and 3. 


fl —TRIGGER INPUT 

* (TERMINAL 6) 

111'l 11111111 - 

ijarmxLTLT + 2 OUTPUT (TERMINAL 2) 

128/256 OUTPUT 
(TERMINAL 3) (ASTABLE 
OR “FREE RUN” MODE) 

-r 128/256 OUTPUT 
(TERMINAL 3) (MONOSTABLE 
OR “ONE SHOT” MODE) 


0360-14 

Figure 4: Timing Diagrams of 
Output Waveforms for the iCM7242. 
(Compare with Figure 8) 


1_-L 

h>-128RC-4*-128RC-H 




JUTJTi: 


*A(V + ) 
V4(V + ) 
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Figure 5: Using the ICM7242 as a 
Rippie Counter (Divider) 


The ICM7242 may be used for a very low frequency 
square wave reference. For this application the timing com¬ 
ponents are more convenient than those that would be re¬ 
quired by a 555 timer. For very low frequencies, devices 



For monostable operation the -5- 2® output is connected 
to the RESET terminal. A positive edge on TRIGGER Initi¬ 
ates the cycle (NOTE: TRIGGER overrides RESET). 


The ICM7242 Is superior in all respects to the 2242 ex¬ 
cept for initial accuracy and oscillator stability. This is pri¬ 
marily due to the fact that high value p“ resistors have been 
used on the ICM7242 to provide the comparator timing 
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COMPARING THE ICM7242 WITH THE 
2242 



iCM7242 

2242 

a. Operating Voltage 

2-16V 

4-15V 

b. Operating Temp. 

Range 

c. Supply Current 

-25*Cto +85“C 0*Cto +70“C 

Vdd=5V 

d. Pullup Resistors 

0.7mA Max. 

7mA Max. 

TB Output 

No 

Yes 

^2 Output 

No 

Yes 

-i- 256 Output 

No 

Yes 

e. Toggle Rate 

f. Resistor to inhibit 

3.0MHz 

0.6MHz 

Oscillator 

g. Resistor In Series 
with Reset for 

No 

Yes 

Monostable Operation 
h. Capacitor TB 

Terminal for 

No 

Yes 

HF Operation 

No 

Sometimes 


By selection of R and C, a wide variety of sequence tim¬ 
ing can be realized. A typical flow chart for a machine tool 
controller could be as follows: 



By cascading devices, use of low cost CMOS AND/OR 
gates and appropriate RC delays between stages, numer¬ 
ous sequential control variations can be obtained. Typical 
applications include injection molding machine controllers, 
phonograph record production machines, automatic se¬ 
quencers (no metal contacts or moving parts), milling ma¬ 
chine controllers, process timers, automatic lubrication sys¬ 
tems, etc. 


SEQUENCE TIMING 


^Process Control 
•Machine Automation 


•Electro—Pneumatic Drivers 
•Multi-Operation (Serial or Parallel Controlling) 


Veo VoD Vqo Voo 



PUSH Si TO STAftT SEQUENCE: 


-MUST BE SHORTER THAN "ON Mima” 


TRIGGER 


_n 


• SELECT RC VALUES TO 
DESIRED "ON tlRM” 

’ FOR EACH ICM7242 


12»RC-H 


OUTPUT A* 

! h -12$RC——— H 

OUTPUT B* 

! 

1 

1 - 

h-12SRC-H 

OUTPUT C* 

1 

* 



OUTPUT 0* 

[ 

•-ON UnWB -- 

i__r 

•ON —ON UiMO— 


Figure 9: Sequence Timer 
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ICM7249 

SYz Digit LCD jn-Power 
Event/Hour Meter 



GENERAL DESCRIPTION 

The ICM7249 Timer/Counter is intended for long-term 
battery-supported industrial applications. The ICM7249 typi¬ 
cally draws 1jaA during active timing or counting, due to 
Intersil’s special low-power design techniques. This allows 
more than 10 years of continuous operation without battery 
replacement. The chip offers four timing modes, eight 
counting modes and four test modes. 

The ICM7249 is a 48-lead device, powered by a single DC 
voltage source and controlled by a 32.768kHz quartz crys¬ 
tal. No other external components are required. Inputs to 
the chip are TTL-compatible and outputs drive standard 
LCD segments. The chip is available in dice and in ceramic 
side-brazed packages. 


B«iC. [I 


48 

□ OT 

f.1: 

2 

47 

HsiS (STARTiSTOP) 

G.C: 

3 

46 

□c, (CONTROL INPUT) 

uC 

4 

45 

□ c, (CONTROL INPUT) 

D.C 

S 

44 

□ Ci (CONTROL INPUT) 

c-C 

6 

43 

DCo (CONTROL INPUT) 

B.c: 

7 

42 

Dgno 

A.C 

8 

41 

□ OSC OUTPUT 

F.c 

8 

40 

□ OSC INPUT 

G.C 

10 

39 

□vdd 

uc 

11 

38 

□ bp (BACKPLANE) 


12 

37 

□ W(WINK) 

C.C: 

13 

36 

□a, 


14 

35 

□b, 


15 

34 

□c, 

f»[: 

16 

33 

□ D, 

G,c: 

17 

32 

□ E, 


18 

31 

□ G, 

D’C 

19 

30 

□ f’ 

CaC 

20 

29 

□ Aa 

BoC 

21 

28 

□ Ba 

A,[: 

22 

27 

□ Ca 


23 

26 

□ Da 

GaC 

24 

25 
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Figure 1: Pin Configuration 


FEATURES 

• Hour Meter Requires Only 4 Parts Total 

• Micropower Operation: < 1 jmA at 2.8V Typical 
•10 Year Operation On One Lithium Ceil 

2 Y 2 Year Battery Life With Display Connected 

• Directly drives 572 Digit LCD 

•14 Programmable Modes of Operation 

• Times Hrs., 0.1 Hrs., .01 Hrs., .1 Mins. 

• Counts 1’s, 10’s, 100’s, 1000’s 

• Dual Funtion Input Circuit: 

—Selectable Debounce for Counter 
-—High-Pass Filter for Timer 

• Direct AC Line Triggering With Input Resistor 

• Winking “Timer Active’’ Dispiay Output 

• Dispiay Test Feature 

APPLICATIONS 

• AC or DC Hour Meters 

• AC or DC Totalizers 

• Portable Battery Powered Equipment 

• Long Range Service Meters 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICM7249IDM 

-40°Cto H-OS'C 

48-Pin Ceramic 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 203500-004 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.6V 

Input Voltage 

Pins 43-48 (Note 1).(Vss -0.3V) to (Vdd +0.3V) 

Power Dissipation (Note 2) . 200mW 

Operating Temperature Range .-40‘’Cto85®C 

Storage Temperature Range.-65®Cto ISO^C 

Lead Temperature (Soldering, 10sec) . 300“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS Temperature = -40‘*C to +85“C, Vdd = 2.5V to 5.5V, Vss=0V, unless 
otherwise noted. Typical specifications measured at temperature = 25“C and Vqd = 2.8V unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 






Operating Voltage 

Note 3 

2.5 





Operating Current 

Note 4, All inputs = Vdd or ^ND 
Vdd=2.8 V 


1.0 

10.0 

jixA 



Vdd=5.5V 


4.0 

20.0 

/xA 

■1 

Input Current: 

All Inputs Vdd or GND 






C 0 -C 3 , 

Vdd=2.8V 

0.0 


1 

fiA 


S/S 

Note 5 

0.5 

1.5 

3.0 

jaA 

KSlHi 

DT 


40.0 


110 

fiA 

IM 

Input Voltage: 



■ 




C 0 -C 3 , DT, S/S 

« 





DISIBi 


0.7 Vdd 

llllll 




Segment Output Voltage 



■ 


H 



0 

X 

11 

> 

00 

d 

I 

Q 

Q 

> 

■1 


■i 


Backplane Output Voltage 

IOL= 10 juA 



0.8 

B 

ism 


0 

X 

II 

0 

> 

00 

d 

I 

Q 

a 

> 



■■ 


Oscillator Stability: 






— 

Temp. = 25“C, VpD = 2.5V to 5.5V 



0.1 


ppm 


Temp. = -40*Cto +85*0, 

Vdd == 2.5V to 5.5V 



5 


ppm 


S/S Pulse Width: 



m 



Thp 

High-pass Filter (Modes 0-3) 


5 




Tde 

Debounce (Modes 4, 6 , 8 ,10) 


10,000 




Tde 

w/o Debounce (Modes 5, 7, 9, 1 1) 


5 

■I 




NOTES: 1. Due to the SCR structure inherent in junction-isolated CMOS devices, the circuit can be put in a latchup mode if large currents are injected into device 
inputs or outputs. For this reason special care should be taken in a system with multiple power supplies to prevent voltages being applied to inputs or 
outputs before power is applied. If only inputs are affected, latchup also can be prevented by limiting the current into the input terminal to less than 
1 mA. 

2. This limit refers to that of the package and Wl not occur during normal operation. 

3. Internal reset to 00000 requires a maximum Vdd rise time of 1 jas. Longer rise times at power-up may cause improper reset. 

4. Operating current is measured with the LCD disconnected, and input current Iss and Idt supplied externally. 

5. Inputs C 0 -C 3 are latched internally and draw no DC current after switching. During switching, a OOjuA peak current may be drawn for 10 nanoseconds. 
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Table 1. Pin Assignment and Function 


mm 

Name 

Description 

1 


Malf-digit LCD segment output. 

2 

Fs 


3 

Gs 


4 

Fs 


5 

Ds 


6 

Cs 


7 

Bs 


8 

As 


9 

F4 


10 

04 


11 

E4 

Seven-segment 

12 

□4 

LCD outputs. 

13 

C4 


14 

B4 


15 

A 4 


16 

F 3 


17 

G 3 


18 

E 3 


19 

D 3 


20 

C 3 


21 

B 3 


22 

A 3 


23 

F2 


24 

02 


25 

E2 


26 

□2 


27 

C 2 


28 

02 


29 

A 2 


30 

Fi 


31 

01 


32 

El 


33 

Di 


34 

Cl 


35 

Bi 


36 

Ai 
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Table 1. Pin Assignment and Function (Continued) 


Pin 

Name 

Description 

37 

W 

Wink-segment output. 

38 

BP 

Backplane for LCD reference. 

39 

V+ 

Positive supply voltage. 

40 

OSC| 

Quartz Crystal 
connections 

41 

OSCo 

42 

0ND 

Chip QRouND. 

43 

Co 

Mode-select 
control inputs. 

44 

Cl 

45 

C 2 

46 

C 3 

47 

S/S 

Start / Stop 

48 

DT 

Display Test 


Table 2. Mode Select Table 


Mode 

Control Pin Inputs 

Function 

C 3 

C 2 

Cl 

Co 

0 

0 

0 

0 

0 

1 hour interval timer 

1 

0 

0 

0 

1 

0.1 hour interval timer 

2 

0 

0 

1 

0 

0.01 hour interval timer 

3 

0 

0 

1 

1 

0.1 minute interval timer 

4 

0 

1 

0 

0 

1 ’s counter with debounce 

5 

0 

1 

0 

1 

1 ’s counter 

6 

0 

1 

1 

0 

10’s counter with debounce 

7 

0 

1 

1 

1 

10’s counter 

8 

1 

0 

0 

0 

10O’s counter with debounce 

9 

1 

0 

0 

1 

10O’s counter 

10 

1 

0 

1 

0 

10OO’s counter with debounce 

11 

1 

0 

1 

1 

10OO’s counter 

12 

1 

1 

0 

0 

Test display digits 

13 

1 

1 

0 

1 

Internal test 

14 

1 

1 

1 

0 

Internal test 

15 

1 

1 

1 

1 

Reset 


14 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
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DETAILED DESCRIPTION 

After power is applied, the ICM7249 requires a rise time 
of tR to become active and for oscillation to begin, as seen 
in Figure 3. initially the backplane output BP is a logic ‘1’ 
level, but then changes after every 512 crystal oscillation 
cycles, giving BP a square-wave frequency of 32Hz. Seg¬ 
ments are turned off when the voltage levels of the seg¬ 
ment drive pins are the same as and in phase with BP. 
Segments are turned on by having the drive pin voltages out 
of phase with BP. 

The 16 modes are selected by placing the binary equiva¬ 
lent of the mode number on inputs C 0 -C 3 (Table 2). In the 
four timer modes, timing is controlled by the Start/Stop in¬ 
put S/S. Because of internal high-pass filtering, timing is 
active when either S/S is held high for more than 25ms, or 
the input signal has a frequency of at least 50Hz and less 
than 120 kHz as shown in Figure 4. Driving S/S with an Input 


frequency between 40Hz and 50Hz has an indeterminate 
effect on the timing. 

The timing intervals are different for each mode. For ex¬ 
ample, in Mode 0 the display is incremented every hour, 
while in Mode 3 the display is incremented every tenth of a 
minute. 

While timing Is active, the wink-segment output W will 
flash, as seen in Figure 1 . On the upward transistion of S/S, 
the wink output turns off. It remains off for 16 backplane 
cycles and turns back on for another 16 cycles. If timing is 
still active, the wink segment repeats this process, giving it 
a flash rate of 1 Hz: otherwise the wink output remains on 
until timing begins again. In counting modes 4-11, the count 
is registered and latched on each positive transition of S/S. 

The display is keyed to the specific counting mode. In the 
1 ’s counter mode, the display is incremented for each 
count; in the 10 ’s counter mode, the display is incremented 
after every tenth count. 
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During counting, the display will wink off at each count 
input regardless of whether the display is incremented. 
When a count occurs, the wink segment output turns off at 
the end of the 16th BP cycle and turns back on at the end of 
the 32nd BP cycle, creating a half-second wink, as shown in 
Figure 6. If counting occurs more frequently than once a 
second, the wink output will default to a constant 1 Hz flash 
rate. 

In counter modes 4, 6, 8 and 10, the count pulse is sub¬ 
ject to debounce filtering. Figure 7 shows that only pulses 
with a frequency of less than 40Hz are valid. Pulses with a 
frequency between 50Hz and 120kHz are ignored, while 
those with a frequency between 40Hz and 50Hz have an 
indeterminate effect on the count. 


The display may be tested at any time without disturbing 
operation by pulsing DT high, as seen in Figure 8. On the 
next positive transition of BP, all the segments turn on and 
remain on until the end of the 16th BP cycle. This takes a 
half-second or less. All the segments then turn off for an 
additional 48 BP cycles (the end of the 64th cycle), after 
which valid data returns to the display. As long as DT is held 
high, the segments will remain on. 

Additional display testing is provided by using mode 12. In 
this mode each displayed decade is incremented on each 
positive transition of S/S. Modes 13 and 14 are for manu¬ 
facturer testing only. 

Mode 15 resets all the decades and internal counters to 
zero, essentially bringing everything back to power-up 
status. 
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ALL SEGMENTS 
ON OR OFF ^ 



Figure 8: Display Testing 


APPLICATION NOTES 

A typical use of the ICM7249 is seen in Figure 9, the 
Motor Hour Meter. In this application the ICM7249 is config¬ 
ured as an hours-in-use meter and shows how many whole 
hours of line voltage have been applied. The 20Mfl resistor 
and high-pass filtering allow AC line activation of the S/S 
Input. This configuration, which is powered by a 3V lithium 
cell, will operate continuously for years. Without the dis¬ 
play, which only needs to be connected when a reading is 
required, the span of operation is extended to 10 years. 

When the ICM7249 is configured as an attendance coun¬ 
ter, as shown in Figure 10, the display shows each incre¬ 
ment. By using mode 2, external debouncing of the gate 
switch is unnecessary, provided the switch bounce is less 
than 35ms. 


The 3V lithium battery can be replaced without disturbing 
operation if a suitable capacitor is connected in parallel with 
it. The display should be disconnected, if possible, during 
the procedure to minimize current drain. The capacitor 
should be large enough to store charge for the amount of 
time needed to physically replace the battery (At = AVC/I). 
A lOOjuF capacitor initially charged to 3V will supply a cur¬ 
rent of I.OjaA for 50 seconds before its voltage drops to 
2.5V, which is the minimum operating voltage for the 
ICM7249. 

Before the battery is removed, the capacitor should be 
placed in parallel, across the Vdd and GND terminals. After 
the battery is replaced, the capacitor can be removed and 
the display reconnected. 
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General Purpose Timer 



GENERAL DESCRIPTION 

The ICM7555/6 are CMOS RC timers providing signifi¬ 
cantly improved performance over the standard 
SE/NE555/6 and 355 timers, while at the same time being 
direct replacements for those devices in most applications. 
Improved parameters include low supply current, wide cyer- 
atin g supply voltage range, low THRESHOLD, tRIdlGEf^ 
and RESET currents, no crowbarring of the supply current 
during output transitions, higher frequency performance and 
no requirement to decouple CONTROL VOLTAGE for sta¬ 
ble operation. 

Specifically, the ICM7555/6 are stable controllers capa¬ 
ble of producing accurate time delays or frequencies. The 
iCM7556 is a dual ICM7555, with the two timers operating 
independently of each other, sharing only V+ and GND. In 
the one shot mode, the pulse width of each circuit is pre¬ 
cisely controlled by one external resistor and capacitor. For 
astable operation as an oscillator, the free running frequen¬ 
cy and the duty cycle are both accurately controlled by two 
external resistors and one capacitor. Unlike the regular bi¬ 
polar 555/6 devices, the CONTROL VOLTAGE terminal 
need not be decoupled with a capacitor. The circuits are 
triggered and reset on failing (negative) waveforms, and the 
output inverter can source or sink currents large enough to 
drive TTL loads, or provide minimal offsets to drive CMOS 
loads. 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7555CBA 

ICM7555IPA 

ICM7555ITV 

ICM7555MTV* 

ICM7556IPD 

ICM7556MJD* 

OX to +70X 
-25Xto +85X 
-25Xto +85X 
-55Xto +125X 
-25Xto +85X 
-55Xto +125X 

8 Lead SOIC 

8 Lead MiniDip 
TO-99 Can 

TO-99 Can 

14 Lead Plastic DIP 
14 Lead CERDIP 


FEATURES 

• Exact Equivalent in Most Cases for SE/NE555/556 or 
TLC555/556 

• Low Supply Current — 60juiA Typ. (ICM7555) 

120jLiA Typ. (ICM7556) 

• Extremely Low Trigger, Threshold and Reset 
Currents — 20pA Typical 

• High Speed Operation — 1MHz Typical 

• Wide Operation Supply Voltage Range Guaranteed 2 
to 18 Volts 

• Normal Reset Function - No Crowbarring of Supply 
During Output Transition 

• Can Be Used With Higher Impedance Timing 
Elements Than Regular 555/6 for Longer RC Time 
Constants 

• Timing From Microseconds Through Hours 

• Operates In Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Output Source/Sink Driver Can Drive TTL/ 
CMOS 

• Typical Temperature Stability of 0.005% Per X at 
25X 

• Outputs Have Very Low Offsets, HI and LO 

APPLICATIONS 

• Precision Timing 

• Pulse Generation 

• Sequential Timing 

• Time Delay Generation 

• Pulse Width Modulation 

• Pulse Position Modulation 

• Missing Pulse Detector 


*Add /883B to part number if 883B processing is desired. 
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This Functional Diagram reduces the circuitry down to its simplest equivalent components. Tie down unused Inputs. R = lOOkft, ± 20% typ. 

Figure 1: Functional Diagram 
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ICM7555/ICMI7556 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltag e. .+18 Volts 

Input Voltage: Trigger, 

Contro l Voltage, Threshold.V+ +0.3V to V“ -0.3V 

Reset 

Output Current .100mA 

Power Dissipation's] ICM7556 . 300mW 

ICM7555 . 200mW 

Storage Temperature .-65‘*Cto+150‘’C 

Lead Temperature (Soldering, lOsec) .TOOO^C 

Operating Temperature Rangels] 

ICM7555XC.0"CtO +70"C 

ICM7555XI .-25"CtO+85*0 

ICM7555XM .-SS'C to+125^0 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri¬ 
ods may affect device reiiabiUty. 
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Figure 2: Pin Configuration 
(Top View) 
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ICM7555 

ELECTRICAL CHARACTERISTICS 


l||H 



iCM7555C,i,M 

ICM7555M 



Parameter 

Test Conditions 


^=25“C 

-55“C^Ta^ + 125X 


■■ 




BB 

IJ3 





I + 

Static Supply 

> 

10 

11 

Q 

Q 

> 


40 

200 



300 

jliA 


Current 

Vdd=15V 


60 

300 



300 

jaA 


Monostable Timing 

RA = 10k, C=0.1 jaF, Vqd = 5V 

■ 


■ 


■■ 




Accuracy 


■ 


■ 

858 

Hlflll 

1161 



Drift with Temp* 

> 

10 

11 

o 

D 

> 

■ 

150 

■ 


150 

lllll 

ppm/“C 



Vdd=10V 

■ 

200 



200 


ppmrc 



Vdd=15V 

■ 

250 

■ 


250 


ppm/“C 

■■ 


VDD = 5to15V 





0.5 



g| 



■ 

H 

■ 






— 


■ 

■ 

■ 

1717 


2323 



Drift with Temp* 

< 

D 

a 

II 

cn 

< 

■ 

150 

■ 


150 


ppm/^C 



Vdd=10V 

■ 

200 



200 


ppm/®C 



Vdd=15V 

■ 

250 

■ 


250 


ppm/^C 

■■ 

Drift with Supply* 

VDD = 5Vto15V 







mm 

Vth 

Threshold Voltage 

Vdd=15V 

62 

67 

71 

61 




VtRIG 

Trigger Voltage 

Vdd=15V 


32 

36 

27 



% Vdd 

■trig 

Trigger Current 

Vdd=15V 



10 



50 


Ith 

Threshold Current 

Vdd=15V 



m 



50 


G9il 

Control Voltage 

Vdd = 15V 


m 

m 

61 


72 


VrsT 

Reset Voltage 

VDD = 2to15V 

la 

m 

Q| 

0.2 


1.2 

V 

^RST 

Reset Current 

Vdd=15V 







imBiii 

•dis 

Discharge Leakage 

Vdd = 15V 







BQII 

Vql 

Output Voltage 

Vdd= 15V, lsink=20mA 


0.4 

1.0 




n 


Drop 

Vdd~ 5V, Igink” 2.2mA 


0.2 

0.4 



BEI 

m 

Vqh 

Output Voltage 

VdD“ 15V, Isource” 2.8mA 

14.3 

14.6 



m 


n 


Drop 

Vdd“ 5V, Igource” 2.8mA 

4.0 

4.3 





■■ 

Vdis 

Discharge Output 

Vdd = 5V, IsiNK == 15mA 


0.2 

0.4 

■■■ 

nm 


n 


Voltage Drop 

Vdd= 15V, lsink=15mA 






■s 

■■ 

V+ 

Supply Voltage* 

Functional Oper. 

1^9 







tR 

Output Rise Time* 

RL = 10M, CL = 10pF, Vdd=5V 

■ 

m 





8 

tp 

Output Fall Time* 

RL= 10M, CL= lOpF, Vdd = 5V 







BSI 

fMAX 

Oscillator Frequency* 

Vdd = 5V, RA = 470a 

RB = 270aC=200pF 

■ 


■ 

■ 

I 

■ 

MHz 


*These parameters are based upon characterization data and are not tested. 


01 

01 

01 


01 

01 

0 > 
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ICM7556 

ELECTRICAL CHARACTERISTICS Ta= 25**C, unless otherwise specified. 


Symbol 




Drift with Supply* 


Threshold Voltage 


Trigger Voltage 


Trigger Current 


Threshold Current 


Control Voltage 


Reset Voltage 


Reset Current 


Output Voltage 
Drop 


Output Voltage 
Drop 


Discharge Output 
Voltage Drop 


Supply Voltage* 
Output Rise Time* 


Output Fall Time* 


Test Conditions 


Vdd = 5V 
Vdd = 15V 


RA = 10k. C=0.1 Ilf, Vdd=5V 


Vdd = 5V 

Vdd=10V 

Vdd=15V 


VDD = 5VtOl5V 


RA=RB = 10k, C=0.1 fif, Vdd=6 V 


Vdd = 5V 
Vdd=10V 
Vdd=15V 


VDD = 6Vto15V 


Vdd=15V 


Vdd=15V 


Vdd = 15V 


Vdd=15V 


Vdd = 15V 


VDD = 2VtOl5V 


Vdd=15V 


Vdd = 15V 


Vdd = 15V. lsink=20mA 
Vdd= 5V. lsjnk=3.2mA 


Vdd = 5V, lsink=15mA 
Vdd= 5V. lsink=15mA 


Functional Oper. 


RL = 10M, CL = 10pF, Vdd == 5V 


RL = 10M, CL = 10pF, Vdd=5V 


Vdd=5V, RA=470ft, 
RB = 270ft, C=200pF 


ICM7556I,M 


Ta=25*C 


-55X;^Ta^ +125*0 





*These parameters are based upon characterization data and are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM PULSE WIDTH REQUIRED SUPPLY CURRENT AS A FUNCTION OUTPUT SOURCE CURRENT AS A 

FOR TRIGGERING OF SUPPLY VOLTAGE FUNCTION OF OUTPUT VOLTAGE 



SUPPLY VOLTAGE (VOLTS) 
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OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 



OUTPUT LOW VOLTAGE Vol 
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NORMALIZED FREQUENCY 
STABILITY IN THE ASTABLE MODE 
AS A FUNCTION OF SUPPLY 
VOLTAGE 



SUPPLY VOLTAGE (VOLTS) 
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OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 



OUTPUT LOW VOLTAGE VoL 
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DISCHARGE OUTPUT CURRENT AS A 
FUNCTION OF DISCHARGE OUTPUT 
VOLTAGE 



0.01 0.1 1.0 10.0 
DISCHARGE LOW VOLTAGE Vol 
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OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 



OUTPUT LOW VOLTAGE Vol 
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PROPAGATION DELAY AS A 
FUNCTION OF VOLTAGE LEVEL OF 
TRIGGER PULSE 



0 10 20 _30 40 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


NORMALIZED FREQUENCY 
STABILITY IN THE ASTABLE MODE 



TEMPERATURE ’C 
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FREE RUNNING FREQUENCY AS A 
FUNCTION OF Ra, Rb and C 

1 . 0 F.--------T?----- 
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» 25*C 















ImF 



•’a + 






ill.) 





ioo,.r 









lOOnF 




'N 





§ 







1 





InF 
















^lOpF 








[ 

1pF 




A 

1 

\ 

XIZ 


TIME DELAY IN THE MONOSTABLE 
MODE AS A FUNCTION OF Ra AND C 



APPLICATION NOTES 

GENERAL 

The ICM7555/6 devices are, in most instances, direct re¬ 
placements for the NE/SE 555/6 devices. However, it is 
possible to effect economies in the external component 
count using the ICM7555/6. Because the bipolar 555/6 de¬ 
vices produce large crowbar currents in the output driver, It 
is necessary to decouple the power supply lines with a good 
capacitor close to the device. The 7555/6 devices produce 
no such transients. See Figure 3. 



The ICM7555/6 produces supply current spikes of only 
2-3mA instead of 300-400mA and supply decoupling is 
normally not necessary. Secondly, in most instances, the 
CONTROL VOLTAGE decoupling capacitors are not re¬ 
quired since the input impedance of the CMOS comparators 
on chip are very high. Thus, for many applications 2 capaci¬ 
tors can be saved using an ICM7555, and 3 capacitors with 
an ICM7556. 


FREQUENCY (Hz) 

0363-14 0363-15 

POWER SUPPLY CONSIDERATIONS 

Although the supply current consumed by the ICM7555/6 
devices is very low, the total system supply can be high 
unless the timing components are high impedance. There¬ 
fore, use high values for R and low values for C in Figures 4 
and 5. 

OUTPUT DRIVE CAPABILITY 

The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL As 
such, if driving CMOS, the output swing at all supply volt¬ 
ages will equal the supply voltage. At a supply voltage of 4.5 
volts or more the ICM7555/6 will drive at least 2 standard 
TTL loads. 

ASTABLE OPERATION 

The circuit can be connected to trigger itself and free run 
as a multivibrator, see Figure 4. The output swings from rail 
to rail, and is a true 50% duty cycle square wave. (Trip 
points and output swings are symmetrical). Less than a 1 % 
frequency variation is observed, over a voltage range of + 5 
to +15V. 


1.4 RC 

The timer can also be connected as shown In Figure 4b. In 
this circuit, the frequency is: 

f = 1.44/(Ra + 2Rb)C 

The duty cycle is controlled by the values of Ra and Rb, by 
the equation: 

D = (Ra + Rb)/(Ra + 2Rb) 
MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a one- 
shot. Initially the external capacitor (C) is held discharged by 
a transisto r inside the timer. Upon application of a negative 
TRIGGER pulse to pin 2, the internal flip flop is set which 
releases the short circuit across the external capacitor and 
drives the OUTPUT high. The voltage across the capacitor 
now increases exponentially with a time constant t=RAC. 
When the voltage across the capacitor equals % V+, the 
comparator resets the flip flop, which in turn discharges the 
capac itor rapidly and also drives the OUTPUT to its low 
state. TRIGGER must return to a high state before the OUT¬ 
PUT can return to a low state. 


^output “ (Va) RaC — 1.1 Ra^ 
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CONTROL VOLTAGE 

The CONTROL VOLTAGE termi nal permit s the two trip 
voltages for the THRESHOLD and TRIGGER internal com¬ 
parators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or 
even inhibition of oscillation, depending on the applied volt¬ 
age. In the monostable mode, delay times can be changed 
by varying the applied voltage to the CONTROL VOLTAGE 
pin. 

RESET 

The RESET terminal is designed to have essentially the 
same trip voltage as the standard bipolar 555/6, i.e. 0.6 to 
0.7 volts. At all supply voltages It represents an ex tremely 
high input impedance. The mode of operation of the RESET 
function is, however, much improved over the standard bi¬ 
polar 555/6 in that It controls only the Internal flip flop, 
which in turn controls simultaneously the state of the OUT¬ 
PUT and DISCHARGE pins. This avoids the multiple thresh¬ 
old problems sometimes encountered with slow falling edg¬ 
es in the bipolar devices. 
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TRUTH TABLE 


Threshold 

Voltage 

Trigger 

Voltage 

||EM||| 

Output 

Discharge 

Switch 



LOW 

LOW 

ON 

>%(V+) 

>y3(v+) 

HIGH 

LOW 

ON 

<y3(v+) 

>y3(v+) 

HIGH 

STABLE 

STABLE 

DON’T CARE 

<y3(v+) 

HIGH 

HIGH 

OFF 


NOTE: RESET will dominate all other inputs: TRIGGER will dominate over THRESHOLD. 
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HIGH-RELIABILITY/MILITARY 

PRODUCTS 


100% INTEGRATED CIRCUIT PROCESSING 

Intersil is committed to build and process integrated cir¬ 
cuits for the Military/High-Rel market segments in conform¬ 
ance with MIL-STD-883 and MIL-M-38510. Any customer 
drawing which specifies testing as set forth in these docu¬ 
ments will be automatically processed to the latest revisions 
of MiL-STD-883 and MIL-M-38510, unless specific requests 
are made to the contrary. 

HI-REL PROCESS OFFERINGS 

38510 PRODUCTS 

Intersil holds QPL1 status on a number of JAN MIL-M- 
38510 products. As required by JAN specifications, these 
products are fabricated, assembled, and 100% processed 
within the United States and are fully compliant with all the 
requirements, procedures, and methods as given In MIL-M- 
38510 and MIL-STD-883. 

MILITARY DRAWING PRODUCTS 

Intersil offers a large and growing number of Military 
Drawing Products (previously referred to as Desc Draw¬ 
ings). These are processed in full compliance with MIL- 
STD-883 Rev C and carry electrical specifications standard¬ 
ized and controlled by Desc. 

883 CLASS B PRODUCTS 

The 883 Class B flow diagram represents product pro¬ 
cessed in accordance with Method 5004 and Method 5005 
of MIL-STD-883 Rev. C, Class B. Many products herein are 
available as compliant to paragraph 1.2 of MIL-STD-883 
Rev. C while others are available only as non-compliant at 
this time. Check with Intersil Customer Service as to the 
compliant status of individual product offerings at any point 
in time. 

HR PRODUCTS 

The HR flow diagram, newly offered by Intersil, repre¬ 
sents high reliability hermetic product utilizing many, but not 
necessarily all, of the test methods and requirements of 
MIL-STD-883 Rev. C, to be used in high reliability applica¬ 
tions where some deviations from Rev. C may be justified 
and economic advantages realized. Such product may not 
be branded /883B but may be branded /HR or a special 
brand as required by purchase order. 

BR PRODUCTS 

The BR flow diagram, newly offered by Intersil, repre¬ 
sents hermetic or plastic encapsulated product intended for 
application in the computer, industrial, or hi-rel commercial 
marketplace. In addition to 100% burn-in, many other reli¬ 
ability processing steps are included to enhance quality lev¬ 
els on shipped parts and to improve long term reliability 
characteristics. Such product may be branded /BR or as 
required by purchase order. 

Contact Product Marketing for availability and pricing on 
883B, HR and BR products. 

100% DISCRETE DEVICE PROCESSING 

Intersil also offers several QPL-approved discrete prod¬ 
ucts carrying the JAN, JTX, and JTXV designation, which 
are screened and qualified to the latest revisions of MIL- 
STD-750 and MIL-S-19500. 


38510 

Per MIL-M-38510 
Slash Sheet 
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883 Class B (1,2,4) 

Per MIL-STD-883 Rev. C 
Screening per Method 5004 
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FOOTNOTES: 

(1) Governing Document, Order of Precedence 

A. Purchase Order Contract 

B. Detail Specification 

C. This Flow 

(2) Where test methods are indicated, the test will be performed to MIL- 
STD-833. 

(3) With exception of parameters guaranteed by basic design, not tested. 


HR (1,2, 4) 

In-House Hi Rel Processing 
Flows Performed 100% Unless 
Otherwise Noted Applies to 
_IC’s and Hybrids_ 
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BR(1,2) 

Performed 100% Unless Otherwise Noted 
APPLIES TO IC’S AND HYBRIDS 


INTERNAL VISUAL - METHOD 2010. COND.B 


B1 (1, 2) 

Performed 100% Unless Otherwise Noted 
APPLIES TO IC’S ANY HYBRIDS AND 
TRANSISTORS 


INTERNAL VISUAL - PER INTERSIL SPECIFICATION 


STABILIZATION BAKE (6) - METHOD 1008, COND.C 


STABILIZATION BAKE(6) - METHOD 1008, COND.C 


TEMPERATURE CYCLE 
5 CYCLES. -65® C TO ♦150®C 


CONSTANT ACCELERATION (4,7) 
METHOD 2001, COND.E 


HERMETICITY 

FINE & GROSS LEAK (4). METHOD 1014 


ELECTRICAL TEST PER DATA SHEET (3) 
DC @ Ty^ = 25®C 


TEMPERATURE CYCLE (7) 
METHOD 1010, COND.C 


CONSTANT ACCELERATION (4,7) 
METHOD 2001, COND.E 


HERMETICITY (4,7) 

FINE & GROSS LEAK, METHOD 1014 


ELECTRICAL TEST PER DATA SHEET (3) 
DC e Ta = 25®C 


BURN-IN TEST 

96 HRS. MIN., Ta =+125®C OR EQUIVALENT 


ELECTRICAL TEST PER DATA SHEET (3) 
T* = 25®C 


BURN-IN TEST 

96 HRS. MIN., Ta =+125®C OR EQUIVALENT 


ELECTRICAL TEST PER DATA SHEET (3) 
T^ = 25®C 


QA ACCEPTANCE SAMPLE PER DATA SHEET (3) 

DC @ 25®C LTPD = 5 

FUNC. @ 25® C LTPD = 5 

AC @ 25® C LTPD = 5 


QA ACCEPTANCE SAMPLE PER DATA SHEET (3) 

DC ® 25®C LTPD = 5 

FUNC. @ 25® C LTPD = 5 

AC @ 25® C LTPD = 5 


EXTERNAL VISUAL - PER INTERSIL SPECIFIED 


QC EXTERNAL VISUAL - 0.1% AQL 


PRESSURE POT - PLASTICS ONLY 72&HRS.(5.7) 


PRESSURE POT - PLASTICS ONLY 72&HRS. (5.7) 


DEVICE MARKING - INTERSIL LOGO 
PRODUCT CODE /BR DATA CODE 


DEVICE MARKING - INTERSIL LOGO 
PRODUCT CODE /Bl DATA CODE 


(1) Governing Document, Order of Precedence 

A. Purchase Order Contract 

B. Detail Specification 

C. This Flow 

(2) Where test methods are indicated, the test will be performed to MIL-STD-883. 

(3) With exception of parameters guaranteed by basic design, not tested. 

(4) Does not apply to plastic packages. 

(5) May be performed any time after encapsulation. 

(6) For Plastic Packages, stabilization bake is accomplished during the encapsulation curing cycle. 

(7) Weekly Reliability Monitor. 
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standard Product (1,2) 

Performed 100% Unless Otherwise Noted 
APPLIES TO IC’S AND HYBRIDS AND TRANSISTORS 


G^DINfUli^OIL 


1 INTERNAL VISUAL - PER INTERSIL SPECIFICATION | 

1 

1 STABILIZATION BAKE (6) - METHOD 1008, COND.C | 

1 

TEMPERATURE CYCLE (4,6) 

METHOD 1010, COND.C 

1 

CONSTANT ACCELERATION (4,7) 

METHOD 2001, COND. E 

1 

HERMETICITY(4,7) 

FINE & GROSS LEAK, METHOD 1014 

1 

ELECTRICAL TEST PER DATA SHEET (3) 

DC @ T;^ = 25»C 

1 

BURN-IN TEST 

96 HRS. MIN., Ta =+125<>C OR EQUIVALENT 

1 

ELECTRICAL TEST PER DATA SHEET (3) 

T^ = 250 c 

1 

QA ACCEPTANCE PER DATA SHEET (3) 

DC @ 25®C AQL = 0.065% 

FUNC. @ 25® C AQL = 0.065% 

AC @ 25® C AQL = 0.065% 

T 

1 QC EXTERNAL VISUAL - 0.1% AQL | 

. 1 

1 PRESSURE POT - PLASTICS ONLY 72 & HRS. (5.7) | 

1 

DEVICE MARKING - INTERSIL LOGO 

PRODUCT CODE DATA CODE 
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FOOTNOTES: 

(1) Governing Document, Order of Precedence 

A. Purchase Order Contract 

B. Detail Specification 

C. This Flow 

(2) Where test methods are indicated, the test will be performed to MIL-STD-883. 

(3) With exception of parameters guaranteed by basic design, not tested. 

(4) Does not apply to plastic packages. 

(5) May be performed any time after encapsulation. 

(6) For Plastic Packages, stabilization bake is accomplished during the encapsulation curing cycle. 

(7) Weekly Reliability Monitor. 
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High-Reliabillty/Milltary Products 
Discrete Products JAN, JANTX and JANTXV 
Per MIL-S-19500 and MIL-STD-750 
Performed 100% unless otherwise noted 



15 


0422-7 0422-8 0422- 

Intersil also offers specials to Customer Source Control Drawings, SCO’s. Specials are available with any of the above 
processing plus SEM, FIND, etc. 
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HIGH RELIABILITY PROCESSING 
PROCESS FLOW SELECTION GUIDE 
-STANDARD 1C PROCESS FLOWS- 

38510 883B HERMETIC PLASTIC HERMETIC PLASTIC HERMETIC PLASTIC 



JAN 

REV. C. HR 

BR 

BR 

Bl 

Bl 

STANDARD STANDARD NOTES 

ON-SHORE BUILD 

X 









WAFER LOT 










TRACEABILITY 

X 

X 







2 

PRE-CAP VISUAL M2010B 

X 

X 

X 

X 

X 





STABILIZATION BAKE 

X 

X 

X 

X 

X 

X 

X 

X 

X 

TEMPERATURE CYCLE 

X 

X 

X 

X 

X 

s 

s 

s 

3 

CENTRIFUGE 

X 

X 

X 

s 


s 


s 


HERMETICITY 

X 

X 

X 

X 


s 


s 


ELECTRICAL TEST 

X 

X 

X 

X 

X 

X 

X 



BURN-IN 

X 

X 

X 

X 

X 

X 

X 



ELECTRICAL TEST 

X 

X 

X 

X 

X 

X 

X 

X 

X 

POST BURN-IN PDA 

X 

X 








D.C. ELECT. @ 3 TEMPS. 

X 

X 

X 







A.C. ELECT. @ 25”C 

X 

X 

X 







GROUP A SAMPLE 










INSPECTION 

X 

X 

X 

X 

X 

X 

X 

X 

X 

GROUP B EAC INSP. LOT 

X 

X 

s 






3 

STRICT DOCUMENTATION 

X 

X 








GROUP C & D INSPECTION 

s 

s 

G 

G 
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HIGH RELIABILITY PROCESSING 
PROCESS FLOW SELECTION GUIDE 
-STANDARD TRANSISTOR PROCESS FLOWS- 






HERMETIC 

PLASTIC 

HERMETIC 

PLASTIC 



JANTXV 

JANTX 

JAN 

Bl 

Bl 

STANDARD 

STANDARD 

NOTES 

ON-SHORE BUILD 

X 








INSPECTION LOT TRACEABILITY 

X 

X 

X 





2 

PRE-CAP VISUAL 

X 

X 

X 






STABILIZATION BAKE 

X 

X 

X 

X 

X 

X 

X 


TEMPERATURE CYCLE 

X 

X 


s 

S 

s 


3 

CENTRIFUGE 

X 

X 


s 


s 



HERMETICITY 

X 

X 


s 


s 



ELECTRICAL TEST 

X 

X 


X 

X 




BURN-IN 

X 

X 


X 

X 




ELECTRICAL TEST 

X 

X 







POST BURN-IN PDA 

X 

X 







D.C. ELECT. @ 25“C 

X 

X 

X 

X 

X 

X 

X 


A.C. ELECT. @ 25^C 

X 

X 

X 

X 

X 

X 

X 


GROUP A 

X 

X 

X 

X 

X 

X 

X 


GROUP B EACH INSP. LOT 

X 

X 

s 





3 

STRICT DOCUMENTATION 

X 

X 

X 






GROUP C INSPECTION 

s 

s 

s 







NOTE 1. ONLY MAJOR TRANSISTOR PROCESSING DIFFERENCES ARE SHOWN HERE. SEE DETAIL FLOWS ON FOLLOWING PAGES FOR MORE SPECIF¬ 
IC DATA. CHART IS FOR HERMETIC PACKAGES. ONLY MINIMUM REQUIREMENTS ARE SHOWN. 

2. WAFER LOT TRACEABILITY MAINTAINED AND AVAILABLE AT EXTRA CHARGE FOR OTHER PRODUCTS. 

3. S = SAMPLE TEST ON REGULAR BASIS. 

X = PERFORMED 100%. G = GENERIC DATA. 

4. INTERSIL ALSO OFFERS “SPECIALS” TO SPECIFIC CUSTOMER SCO’S. SPECIALS ARE AVAILABLE WITH ANY OF THE ABOVE PROCESSING 
PLUS SEM, PIND, ETC. 
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MIL-STD-883 REV. C, CLASS B 


METHOD 5005 
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TABLE lib 
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Note 1: Required only if package contains a desiccant. 
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ID. 


TABLE III 
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TABLE IV 
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Note 1: Applies if package has a Frit-Seal. 
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INTERSIL QPL/Hi-REL DEVICES 


^DINnHl^DIL 


Data Acquisition Products Data Aquisition Products Anaiog Switch Products 

JM38510 JM38510 (Continued) Miiitary DWG. NO. (Continued) 


12702BEA 

AD7520UD 

11108BEC 

DG191AP 

8100605EC 

IH5044MDE 

12703BVA 

AD7521UD 

11108BEA 

DG191AP 

8100605EA 

IH5044MDE 

12704BVC 

AD7541TD 

11601 BCC 

DG300AAP 

8100605IA 

IH5044MTW 

12704BVA 

AD7541TD 

11601BCA 

11602BCC 

DG300AAP 

DG301AAP 

8100605IC 

8100605IB 

IH5044MTW 

IH5044MTW 

Anaiog Switch Products 

11602BCA 

DG301AAP 

8100606AC 

IH5045MFD 

JM38510 

11603BCC 

DG302AAP 

8100606EA 

IH5045MJE 

10501BEA 

IH5040MDE 

11603BCA 

DG302AAP 

8100606EC 

IH5045MDE 

10501BEC 

IH5040MDE 

11604BCC 

DG303AAP 

8100606EA 

IH5045MDE 

10502BEA 

IH5041MDE 

11604BCA 

DG303AAP 

8100606IA 

IH5045MTW 

10502BEC 

IH5041MDE 

12302BEA 

DG201AP 

8100606IC 

IH5045MTW 

10503BEA 

10503BEC 

IH5042MDE 

IH5042MDE 

12302BEC 

DG201AP 

8100606IB 

5962-8513104XA 

IH5045MTW 

IH5116MJI 

10504BEA 

IH5043MDE 

Anaiog Switch Products 

5962-8513104XA 

IH5116MDI 

10504BEC 

IH5043MDE 

Miiitary DWG. NO. 

5962-8513104XC 

IH5116MDI 

11101BAC 

DG181AL 

7705201EA 

IH6108MJE 

5962-8513105XA 

IH5216MJI 

11101BCC 

DG181AP 

7705201 EC 

IH6108MDE 

5962-8513105XA 

IH5216MDI 

11101BIA 

DG181AA 

7705201EA 

IH6108MDE 

5962-8513105XC 

IH5216MDI 

11101BIC 

DG181AA 

7705301EA 

DG201AK 

5962-8513106EA 

IH5208MJE 

11101BCA 

DG181AP 

7705301 EC 

DG201AP 

5962-8513106EA 

IH5208MDE 

11102BIA 

11102BAC 

DG182AA 

DG182AL 

7705301EA 
7801401CA 

DG201AP 

DG129AK 

5962-8513106EC 

IH5208MDE 

11102BCC 

DG182AP 

7801401CC 

DG129AP 

MIL-S-19500 Transistors 

11102BIC 

DG182AA 

7801401 CA 

DG129AP 

2N3821JAN 

2N4858JAN 

11102BCA 

DG182AP 

8100601 AC 

IH5040MFD 

2N3821JTX 

2N4858JTX 

11103BAC 

DG184AL 

8100601 EC 

IH5040MDE 

2N3821JTXV 

2N4858JTXV 

11103BEC 

DG184AP 

8100601EA 

IH5040MDE 

2N3823JAN 

2N4859JAN 

11103BEA 

DG184AP 

8100602AC 

IH5041MFD 

2N3823JTX 

2N4859JTX 

11104BAC 

DG185AL 

8100602EC 

IH5041MDE 

2N3823JTXV 

2N4859JTXV 

11104BEC 

DG185AP 

8100602EA 

IH5041MDE 

2N4091JAN 

2N4860JAN 

11104BEA 

DG185AP 

8100602IA 

IH5041MTW 

2N4091JTX 

2N4860JTX 

11105BAC 

DG187AL 

8100602IC 

IH5041MTW 

2N4091JTXV 

2N4860JTXV 

11105BCC 

DG187AP 

8100602IB 

IH5041MTW 

2N4092JAN 

2N4861JAN 

11105BIA 

DG187AA 

8100603AC 

IH5042MFD 

2N4092JTX 

2N4861JTX 

11105BIC 

DG187AA 

8100603EC 

IH5042MDE 

2N4092JTXV 

2N4861JTXV 

11105BCA 

DG187AP 

8100603EA 

IH5042MDE 

2N4093JAN 

2N5114JAN 

11106BAC 

DG188AL 

8100603IA 

IH5042MTW 

2N4093JTX 

2N5114JTX 

11106BCC 

DG188AP 

8100603IC 

IH5042MTW 

2N4093JTXV 

2N5114JTXV 

11106BIA 

DG188AA 

8100603IB 

IH5042MTW 

2N4856JAN 

2N5115JAN 

11106BIC 

DG188AA 

8100604AC 

IH5043MFD 

2N4856JTX 

2N5115JTX 

11106BCA 

DG188AP 

8100604EA 

IH5043MJE 

2N4856JTXV 

2N5115JTXV 

11107BAC 

DG190AL 

8100604EC 

IH5043MDE 

2N4857JAN 

2N5116JAN 

11107BEC 

DG190AP 

8100604EA 

IH5043MDE 

2N4857JTX 

2N5116JTX 

11107BEA 

11107BAC 

DG190AP 

DG191AL 

8100605AC 

8100605EA 

IH5044MFD 

IH5044MJE 

2N4857JTXV 

2N5116JTXV 
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INTERSIL MIL-STD-883B REV. C COMPLIANT DEVICES 


Data Acquisition 
Products 
883B Rev C. 

AD7520SD/883B 

AD7520TD/883B 

AD7520UD/883B 

AD7521SD/883B 

AD7521TD/883B 

AD7521UD/883B 

AD7533SD/883B 

AD7533TD/883B 

AD7533UD/883B 

AD7541SD/883B 

AD7541TD/883B 

ICL7134UJMJ1/883B 

ICL7134UKMJI/883B 

ICL7134ULMJI/883B 

ICL7134BJMJI/883B 

ICL7134BKMJI/883B 

ICL7134BLMJI/883B 

Speciai Analog 
Functions 
883B Rev C. 

ICL7660MTV/883B 

ICL7662MTV/883B 

ICL7667MJA/883B 

ICL7667MTV/883B 

ICL8038AMJD/883B 

ICL8038BMJD/883B 

ICL8069CMSQ/883B 

ICL8069DMSQ/883B 

ICL8211MTY/883B 

ICL8212MTY/883B 

Timer/Counter 
Circuits 
883B Rev C. 

ICM7555MTV/883B 

ICM7556MJD/883B 

Amplifiers- 
Operatlonal 
883B Rev C. 

ICL8021Mtf/883B 

ICL8023MJE/883B 

Analog Switch 
Products 
883B Rev C. 

D123AK/883B 

D123AL/883B 

D125AK/883B 

D125AL/883B 

D129AK/883B 

D129AL/883B 

DG126AK/883B 


Analog Switch 
Products 

883B Rev C. (Continued) 
DG126AL/883B 
DG129AK/883B 
DG129AL/883B 
DG133AK/883B 
DG133AL/883B 
DG134AK/883B 
DG134AL/883B 
DG139AK/883B 
DG139AL/883B 
DG140AL/883B 
DG140AP/883B 
DG141AL/883B 
DG141AP/883B 
DG142AK/883B 
DG142AL/883B 
DG143AK/883B 
DG143AL/883B 
DG144AK/883B 
DG144AL/883B 
DG145AL/883B 
DG145AP/883B 
DG146AL/883B 
DG146AP/883B 
DG151AK/883B 
DG151AL/883B 
DG152AK/883B 
DG152AL/883B 
DG153AL/883B 
DG153AP/883B 
DG154AK/883B 
DG154AL/883B 
DG161AL/883B 
DG161AP/883B 
DG162AK/883B 
DG162AL/883B 
DG163AL/883B 
DG163AP/883B 
DG164AK/883B 
DG164AL/883B 
DG180AA/883B 
DG180AK/883B 
DG180AL/883B 
DG181AA/883B 
DG181AK/883B 
DG181AL/883B 
DG182AA/883B 
DG182AK/883B 
DG182AL/883B 
DG183AL/883B 
DG183AP/883B 
DG184AK/883B 
DG184AL/883B 
DG186AK/883B 
DG186AL/883B 
DG186AA/883B 
DG186AL/883B 


Analog Switch 
Products 

883B Rev C. (Continued) 
DG186AP/883B 
DG187AA/883B 
DG187AK/883B 
DG187AL/883B 
DG188AA/883B 
DG188AK/883B 
DG188AL/883B 
DG189AP/883B 
DG190AK/883B 
DG190AL/883B 
DG191AK/883B 
DG191AL/883B 
DG200AA/883B 
DG200AK/883B 
DG201AK/883B 
DG201AAK/883B 
DG202AK/883B 
DG300AAK/883B 
DG301AAA/883B 
DG301AAK/883B 
DG302AAK/883B 
DG303AAK/883B 
DGM181AA/883B 
DGM181AK/883B 
DGM182AA/883B 
DGM182AK/883B 
DGM184AK/883B 
DGM185AK/883B 
DGM190AK/883B 
DGM191AK/883B 
IH5009MJD/883B 
IH5010MJD/883B 
IH5011MJE/883B 
IH5012MJE/883B 
IH5013MJD/883B 
IH5014MJD/883B 
IH5015MJE/883B 
IH5016MJE/883B 
IH5017MJD/883B 
IH5018MJD/883B 
IH5019MJE/883B 
IH5020MJE/883B 
IH5021MJD/883B 
iH5022MJD/883B 
IH5023MJE/883B 
IH5024MJE/883B 
iH5040MFD/883B 
1H5040MJE/883B 
IH5041MFD/883B 
IH5041MJE/883B 
IH5042MFD/883B 
IH5042MJE/883B 
IH5043MFD/883B 
iH5043MJE/883B 
IH5044MFD/883B 
IH5044MJE/883B 


Analog Switch 
Products 

883B Rev C. (Continued) 
IH5045MFD/883B 
IH5045MJE/883B 
IH5046MFD/883B 
IH5046MJE/883B 
IH5047MFD/883B 
IH5047MJE/883B 
iH5052MJE/883B 
IH5053MJE/883B 
IH5108MJE/883B 
IH5116MJI/883B 
IH5140MFD/883B 
IH5140MJE/883B 
IH5141MFD/883B 
IH5141MJE/883B 
IH5142MFD/883B 
IH5142MJE/883B 
IH5143MFD/883B 
IH5143MJE/883B 
IH5144MFD/883B 
IH5144MJE/883B 
IH5145MFD/883B 
IH5145MJE/883B 
IH5148MFD/883B 
IH5148MJE/883B 
IH5149MFD/883B 
IH5149MJE/883B 
IH5150MFD/883B 
IH5150MJE/883B 
IH5161MFD/883B 
IH5151MJE/883B 
IH5208MJE/883B 
IH5216MJI/883B 
IH5341MTW/883B 
IH5352MJE/883B 
IH6108MJE/883B 
IH6116MJI/883B 
iH6201MJE/883B 
IH6208MJE/883B 
IH6216MJi/883B 

Microcontrollers, 

Microperipherals, 
Memory 
883B Rev C. 

ICM7170MDG/883B 

IM6402-1MJL/883B 

IM6402AIJL/883B 

IM6402AMJL/883B 

IM6402IJL/883B 

IM6653AMJG/883B 

IM6653MJG/883B 

IM6654-1iJG/883B 

IM6654AMJG/883B 

IM6654MJG/883B 

IM6654IJG/883B 
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High Reliability Processing 


GLOSSARY OF MILITARY/AEROSPACE 
HI-REL DEFINITIONS/TERMINOLOGY 

ACCELERATED BURN-IN — Same as “Burn-In ’, except 
that testing is carried out at an increased temperature (nom¬ 
inally 150'’C) for reduced dwell time. Accelerated testing is 
not permissible for Class S devices. 

ATTRIBUTES DATA — Go-No-Go data. Strictly pass/fall 
and number of rejects recorded. A typical requirement for 
post burn-in electrical tests on Class B devices. 

BASELINE ~ Technique used to define manufacturing and 
test processes at time of order placement. Baselining usual¬ 
ly involves development of a Program Plan and an Accept¬ 
ance Test Plan which include flow charts, specification Iden¬ 
tification/revision letters, QA procedures, and actual speci¬ 
mens of certain important specifications. During subsequent 
manufacture and testing of parts, it is not permissible to 
make revisions or changes to any of the identified specifica¬ 
tions, unless prior notification and possible customer ap¬ 
proval occurs. 

BURN-IN — A screening operation. Devices are subjected 
to high temperature (typically 125‘’C) and normal power/op¬ 
eration for 160 hours (Class B devices) or 240 hours (Class 
S devices). 

CLASS S AND B INTEGRATED CIRCUITS — These 
classes set forth the screening, sampling and document 
control requirements for IC testing. Terminology is defined 
in MIL-M-38510 and In Test Methods 5004 and 5005 of 
MIL-STD-883. Classes, S and B are sometimes referred to 
as “Levels S and B.” The Classes cover: 

CLASS S — For space and satellite programs, includes 
Condition A Precap, SEM, 240 hour burn-in, PIND test and 
elaborate qualification and quality conformance testing. 
Normally requires extensive data, documentation, and pro¬ 
gram planning. Formerly referred to as Class A. Class S 
devices are quite expensive. 

CLASS B — For manned flight, and includes most frequent¬ 
ly-procured military integrated circuits. Used for all but high¬ 
est reliability requirements. Class B uses burn-in, pre-cap 
visual, etc. 

CORRECTIVE ACTION —Those actions which a given 
supplier (or user) agrees to perform so that a detected prob¬ 
lem does not reoccur. 

DESC — Defense Electronic Supply Center, located in Day- 
ton, Ohio. 

DESC LINE CERTIFICATION —The document which ap¬ 
proves a supplier’s facilities as an appropriate site to manu¬ 
facture JAN parts. 

DPA — Destructive Physical Analysis. Finished products 
are opened and analyzed. In accordance with customer or 
MIL Spec criteria. 

GENERIC DATA — Data pertaining to a device family; not 
necessarily the specific part number ordered by the custom¬ 
er, but representative of parts in the family. Group B, C and 
D generic data is frequently requested In lieu of the perform¬ 
ance of special qual tests on a given order. 

GROUP A — Sample electrical test which are performed on 
each lot. Group A is defined in Test Method 5005 for inte¬ 
grated circuits and in MIL-S-19500 for diodes and transis¬ 
tors. 


GROUP B — For Integrated Circuits, Package-Related En¬ 
vironmental Tests are performed for Class B Products per 
MIL-STD-883, Method 5005 (For Revision Products) or per 
the “HR” program. For Class S, Group B includes Addition¬ 
al Processing, including steady state life test. 

For Diodes and Transistors, both enviromental and life test 
are performed per MIL-S-19500. 

GROUP C — For Class B or “HR” program I.C.’s, Dle-Re- 
lated Tests are performed. Not required for Class S I.C.’s. 
Group C includes life testing temperature cycling and con¬ 
stant acceleration per MIL-M-38510. For diodes transistors. 
Group C includes both environmental and life tests per MIL- 
S-19500. 

GROUP D —Additional Package-Related Environmental 
Test for I.C.’s for Class B or Class S products or per the 
“HR” program. 

JAN — “Joint Army Navy”, a registered trademark of the 
U.S. Government. The JAN marking denotes a device which 
is in full compliance to MIL-M-38510 or MIL-S-19500. 

JAN TX —A JAN-qualified diode or transistor which has 
been subjected to additional screening and burn-in tests. 
MIL-S-19500 only. 

JAN TXV — A JAN-qualified diode or transistor which, in 
additional to burn-in testing, has been subjected to addition¬ 
al screening including pre-cap visual inspection, as wit¬ 
nessed by a government source Inspector. Equivalent to 
Class B screening for integrated circuits. MiL-S-19500 only. 
LTPD-Lot Tolerance Percent Defective is a sampling plan 
measurement criteria. 

MIL-M-38510 — The general military specification for inte¬ 
grated circuits. 

M38510/XXX — Detail specifications (or “slash sheets”) 
for integrated circuits. For example, the 101 specification 
covers Operational Amplifiers, with electrical requirements 
for the 741, LM101, 108, 747 types, etc. 

MIL-S-19500 —The general military specifications for di¬ 
odes and transistors. 

MIL-S-19500/XXX — Detail specifications (or “slash 
sheets” for diodes and transistors. 

MIL-STD-750 — Specifies Test Methods for diodes and 
transistors, such as burn-in, pre-cap, temperature cycling, 
etc. 

MIL-STD-883 — Specifies Test Methods for integrated cir¬ 
cuits, such as pre-cap, burn-in, hermeticity, storage life, etc. 
NPFC —Naval Publications and Forms Center, Philadel¬ 
phia Printing and distribution source for military specifica¬ 
tions. 

NON-STANDARD PARTS —In government terminology, 
refers to non-JAN devices. Non-standard parts are typically 
covered by user Source Control Drawings (SCD). 
NON-STANDARD PARTS APPROVAL — Approval by the 
government (frequently RADC) of non-JAN parts, typically 
on source control drawings, for use in a military system or 
program. This approval Is essentially a waiver which permits 
non-JAN 38510 parts In a system which otherwise manda- 
torially requires JAN parts only. 
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HIGH RELIABILITY PROCESSING 

OPERATING LIFE TEST — Same conditions as burn-in, 
but duration is usually 1000 hours. This is a sample test 
(Qualification and Quality Conformance). 

PCA — Parts Configuration Analysis. A new term which has 
much the same meaning as “Baseline”. 

PDA — Percent Defective Allowable. Criteria sometimes 
applied to burn-in screening. MIL-STD-883 and MIL-M- 
38510 typically require either a 5% or 10% PDA. A 10% 
PDA means that if more than 10% of that lot fails as a result 
of burn-in (as determined by pre- and post-burn-in electrical 
tests) the entire lot is considered to have failed. 

PDS — Parameter Drift Screening. Measures the changes 
(As) in electrical parameters through burn-in. Common for 
Class S devices. 

PIND — Particle Impact Noise Detection. This is an audio 
screening test to locate and eliminate those parts which 
have loose internal particles. The test can isolate a high 
percentage of defectives, even in otherwise good lots. Re¬ 
peatability of the tests is questionable. This test is one of 
the screening items for Class S integrated circuits. 
PREPARING ACTIVITY —The organizational element of 
the government which writes specifications, frequently 
RADC. 

PRESEAL VISUAL — A screening inspection which in¬ 
volves observation of a die through a microscope. 
PROCURING ACTIVITY — Per MIL-M-38510, this is the or¬ 
ganizational element in the government which contracts for 
articles or services. The Procuring Activity can be a subcon¬ 
tractor (OEM), providing that the government delegates this 
responsibility. In such a case, the subcontractor does not 
have the power to grant waivers, unless this authority has 
been approved by the government. 

PRODUCT RELIABILITY — Pertains to the level of quality 
of a product over a period of time. Reliability is usually mea¬ 
sured or expressed in terms of Failure Rate (such as 
“0.002% per 1000 hours) or MTBF (mean time between 
failure in hours). MTBF is the reciprocal of Failure Rate. 

QPL — Qualified Products List. In the case of JAN prod¬ 
ucts, QPLs are identified as QPL-38510 for integrated cir¬ 
cuits and QPL-19500 for diodes and transistors. QPL-38510 
revisions occur approximately quarterly and QPL-19500 re¬ 
visions occur approximately annually. In the Interim, the 
government will notify suppliers via letter of any new device 
qualifications which may have been granted. Two types of 
QPLs exist for MIL-M-38510: 

PART II QPL — This is an interim or temporary QPL which 
is granted on the basis of having obtained line certification 
and approval of an Application to Conduct Qualification 
Testing. A PART II QPL is automatically voided after 90 
days whenever any one supplier is granted a PART I QPL. 
PART I QPL — A “permanent” QPL, granted after all quali¬ 
fication testing is completed and test data is approved by 
the government. 


QUALIFYING ACTIVITY —Per MIL-M-38510, the organi¬ 
zational element in the government which designates certifi¬ 
cation (i.e., DESC). 

QUALIFICATION TESTING — Initial one-time sample tests 
which are performed to determine whether device types 
and processes are good. For integrated circuits, this usually 
means testing to Groups A, B, C and D per MIL-STD-883. 
For diodes and transistors, this usually means testing to 
Groups A, B and C per MIL-STD-750. 

QUALITY CONFORMANCE TESTING — These are sam¬ 
ple tests which must be performed at prescribed intervals 
per MIL-M-38510 or MIL-S-19500, assuring that processes 
remain in control and that individual lots are passed. 

RADC — Rome Air Development Command, Griffiss AFB, 
New York. This is the government organization which creat¬ 
ed semiconductor specifications; MIL-M-38510 and MIL- 
STD-883 were developed at RADC. This Air Force unit de¬ 
velops specifications for all U.S. military services. RADC is 
frequently involved in granting waivers for non-standard 
parts for Air Force systems. 

READ AND RECORD DATA — Same as variable data. 
REWORK PROVISION — For semiconductor devices, per¬ 
missible rework of parts is usually limited to re-testing 
(screening), re-marking, and cleaning. 

SCREENING — Operations which are performed on devic¬ 
es on a 100% basis (not sampling). Examples include pre¬ 
cap visual, burn-in hermeticity, 100% electrical test, etc. 
SEM INSPECTION — Inspection by Scanning Electron Mi¬ 
croscope. Die samples are examined at very high magnifi¬ 
cation for metallization defects. 

SERIALIZATION — The marking of a unique part number 
on each part, with assigned numbers marked sequentially/ 
consecutively. 

SCDs — Source Control Drawings. Typically user-generat¬ 
ed drawings which require development of internal 1C ven¬ 
dor sheets. Although each drawing may be slightly different, 
all will be modelled around MIL-M-38510, MIL-S-19500, 
MIL-STD-883, or MIL-STD-750. 

SOURCE INSPECTION — Can be either Customer Source 
Inspection (CSI) or Government Source Inspection (GSI). 
Source inspection is initiated via purchase order, and can 
typically occur at one or more points: 

• Pre-cap Visual. Expensive and adds to throughput time. 

• Final Inspection. 

TRACEABILITY — A production and manufacturing control 
system which includes: 

• Wafer run identification number. 

• Date pre-cap visual inspection was performed, identity of 
inspector, and specification number and revision. 

• Lot number and inspection history. 

• QA Group A electrical results. 

VARIABLE DATA — Read and recorded electrical mea¬ 
surements (parametric values). Usually required for pre- and 
post-burn-in electrical tests. Also common for Group C and 
D testing. 
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ORDERING INFORMATION 

Device Family Prefixes 

AD —Analog Devices Alternate Source 

D —Driver/Level Translator 1C 

DG —Sillconix Analog Switch Alternate Source 

DGM —Monolithic DG Analog Switch Replacement 

ICL —Linear 1C 

ICM —Microperipheral 1C 

ICH —Hybrid 1C 

IM —Microcontroller 1C 

LH —National Semiconductor Hybrid Alternate Source 

LM —National Semiconductor Alternate Source 

MM —High Voltage Analog Switch 

NE —Signetics Alternate Source 

SE —Signetics Alternate Source 

2N —Industry Standard Discrete Transistor 

3N —Industry Standard Discrete Transistor 

IT —Discrete Transistor 

ITE —Discrete Transistor 

J —Discrete Transistor 

M —Discrete Transistor 

NF —Discrete Transistor 

P —Discrete Transistor 

PN —Discrete Transistor 

U —Discrete Transistor 

VCR —Discrete Transistor 

ID —Low Leakage Diodes 

G —Siliconix Analog Gate Alternate Source 

IH —^Analog Switch Family 

ADC —National Semiconductor A/D Alternate Source 

jLia —Fairchild Linear Alternate Source 

Temperature Range Designators 

C —Commercial: 0“C to + 70“C 

I —Industrial: Either -25”C to +85”C or -40°C to 

+ SS^C (Specified on Datasheet) 

M —Military: - 55^C to +125“C 


Package Type Designators 

A —TO-237 

B —Small Outline IC (SOIC) 

C —TO-220 

D —Ceramic Dual-ln-Line 

E —Small TO-8 

F —Ceramic Flat Pack 

H —TO-66 

I —16 Pin (0.6 X 0.7 Pin Spacing) 

Hermetic Hybrid Dip 
J —CERDIP Dual-ln-Llne 

K —TO-3 

L —Leadless, Ceramic 

P —Plastic Dual-ln-Line 

S —TO-52 

T —TO-5 Type 

(Also TO-78, TO-99, TO-100) 

U —TO-72 Type 

(Also TO-18, TO-71) 

V —TO-39 

Z —TO-92 

EXCEPTIONS TO PACKAGE TYPE 
DESIGNATORS 

DG & DGM Series 

A —10 Pin Metal Can 

L —14 Pin Flatpack 

P —Ceramic DIP (Special Order Only) 

K —CERDIP 

AD Series 

H —TO-52 

D —CERDIP Ceramic DIP 

N —Epoxy DIP 

R —TO-92 


INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE. 
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH typical values have been characterized but are not tested. 
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ORDERING INFORMATION 

Pin Count Designator 


A 

8 

P 

20 

B 

10 

Q 

2 

C 

12 

R 

3 

D 

14 

S 

4 

E 

16 

T 

6 

F 

22 

U 

7 

G 

24 

V 

8 (0.200" pin circle, isolated case) 

H 

42 



1 

28 

W 

10 (0.230" pin circle, isolated case) 

J 

32 



K 

35 

Y 

8 (0.200" pin circle, case to pin 4) 

L 

40 



M 

48 

Z 

10 (0.230" pin circle, case to pin 5) 

N 

18 




EXCEPTIONS TO PIN COUNT DESIGNATORS 

DG & DGM Series 

A —10 Pin Metal Can 

L —14 Pin Flatpack 

P —Ceramic DIP (Special Order Only) 

K —CERDIP 

AD Series 

D —20, 18, 16 or 14 

H —3 Pin 

N —20, 18, 16 or 14 

HiQH RELIABiLITY DESIGNATOR 

/883B —MIL-STD-883B Screened Device 

/HR —High-Reliability Device 

/BR —Cost Effective High-Reliability Device 

/Bl —Burn-in Only Process Flow 
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ORDERING INFORMATION 
Part Numbering System 


All Intersil Part Numbers consist of a Device Family Prefix, a Basic Numeric Part Number, and an Option Suffix, as follows: 


1,2 OR 3 
DIGIT 
PREFIX 

XXX 


3.4, OR 5 DIGIT 
UNIQUE DEVICE 
NUMBER 

XXXXX 


3 OR 4 
DIGIT OPTION 
SUFFIX 


XXXX 




HIGH 

RELIABILITY 

DESIGNATOR 

/XXXX 

PIN COUNT DESIGNATOR 

PACKAGE TYPE DESIGNATOR 

TEMPERATURE RANGE DESIGNATOR 

ELECTRICAL OPTION DESIGNATOR ONLY. 

USED IF MORE THAN ONE ELECTRICAL 
OPTION IS AVAILABLE. 

VARIATION OF BASIC DEVICE TYPE DESIGNATOR. 
ONLY USED IF MORE THAN ONE 
BASIC DEVICE IS AVAILABLE. 

3 OR 4 DIGIT BASIC DEVICE TYPE 
PART NUMBER 

DEVICE FAMILY PREFIX 


Part Number Systems Examples 


ICL 7129CPL 


ICM7170 IDG 


IH 5043 B MFD 


40 PINS ON PACKAGE 

PUSTIC DUAL-IN-LINE PACKAGE 

0®C TO 70®C TEMP. RANGE 

BASIC PART NUMBER: 7129 A/D CONVERTER 

LINEAR 1C FAMILY DEVICE 

0424-2 

Example 1 


14 PINS ON PACKAGE 

CERAMIC FLAT-PACK-PACKAGE 

-55®C TO +125®C TEMP. RANGE 

B TYPE ELECTRICAL OPTION 

BASIC PART NUMBER: 5043 ANALOG SWITCH 

HYBRID 1C FAMILY DEVICE 

0424-4 

Example 3 


24 PINS ON PACKAGE 

CERAMIC DUAL-IN-LINE PACKAGE 

-40®C TO +850C TEMP. RANGE 

BASIC PART NUMBER: 7170 REAL TIME CLOCK 

MICROPERIPHERAL 1C FAMILY DEVICE 

0424-3 

Example 2 


IH 5009MJD/883B 


MIL-STD-883B SCREENED DEVICE 

14 PINS ON PACKAGE 

CERDIP DUAL-IN-LINE-PACKAGE 

-55®C TO +125®C TEMP. RANGE 

BASIC PART NUMBER: 5009 ANALOG SWITCH 

HYBRID 1C FAMILY DEVICE 

0424-5 

Example 4 
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ORDERING INFORMATION 

Part Number Systems Examples (Continued) 




JM38510/11107BEC 


A- HOT SOLDER DIP 
LEAD FINISH B- TIN PLATE 
C- GOLD PLATE 

I— CASE OUTLINE 
-► DEVICE CLASS 

-► DETAIL SPECIFICATION AND DEVICE TYPE 

-► MILITARY DESIGNATOR 

0424-6 

Example 5 


ITS XXXX 


FOUR OR FIVE DIGIT NUMBER 

FIRST DIGIT INDICATOR PRODUCT FAMILY i.e., 

1 OR 3-DISCRETE 7- ANALOG 

6- LINEAR 8- DATA ACQUISITION 

9- LOW POWER 

INTERSIL SPECIAL-NORMALLY SELECTED TO AN SCD 

0424-7 

Example 6 


65SXXX 


2 OR 3 DIGIT NUMBER 

INTERSIL DIGITAL SPECIAL-NORMALLY 

SELECTED TO AN SCD 

0424-8 

Example 7 


DG 181 A A 


A-10 PIN METAL CAN 
L- 14 PIN FUT PACK 

— PACKAGE P“ CERAMIC DIP (SPECIAL ORDER ONLY) 
K- CERDIP 


TEMPERATURE RANGE 0. INDUSTRIAL 


DEVICE TYPE 
ANALOG SWITCH 

Example 8 


0424-9 


AD 7541 T D 



18 PIN CERDIP 
MIL TEMP RANGE 
DEVICE TYPE 
ANALOG DEVICES 
ALTERNATE SOURCE 


Example 9 


0424-10 


Intersil Code and FSCM Number Information 

CDPR — Letter Code for Intersil Assigned by the U.S. Government 
32293— Intersil FSCM Number Assigned by the U.S. Government 
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EVALUATION KITS 


Product Description 

Part Number 

Power Ampiif ier Kits 

ICH8510IEV/KIT 

ICH8520IEV/KIT 

31/2 Digit LCD Panel Meter Kit 

ICL7106EV/KIT 

31/2 Digit LED Panel Meter Kit 

ICL7107EV/KIT 

3y2 Digit Low Power 

LCD Panel Meter Kit 

ICL7126EV/KIT 

41/2 Digit A/D Converter Kit 

ICL7129EV/KIT 

41/2 Digit LCD Display Driver Kit 

ICM7211EV/KIT 

8 Character Multiplexed LCD 
Display Driver Kit 

ICM7233AEV/KIT 

8 Character Multiplexed LED 
Display Driver Kit 

ICM7243BEV/KIT 

4!4 Digit LCD Display Counter Kit 

ICL7224EV/KIT 

4y2 Digit LED Display Counter Kit 

Touch Tone Encoder 

ICM7225EV/KIT 

One contact per key 

ICM7206EV/KIT 

Two contacts per key, common 
to positive supply 

ICM7206AEV/KIT 


Contents 

ICH8510I+Socket + Heat Sink 
ICH8520i+Socket + Heat Sink 

ICL7106+ PC Card + All Passive Components 
ICL7107+PC Card + All Passive Components 
ICL7126+ PC Card + All Passive Components 

ICL7129+4y2 Digit LCD Display + ICL8069+PC Card + Active, 
Passive Components 

ICM7211 + 41/2 Digit LCD Display + PC Card+Active, 

Passive Components 

2 of ICM7233A+ PC Card + 8 Character Triplexed LCD Display 

ICM7243B + PC Card + 8 Character LED 

ICM7224 + ICM7207A + 5.24288MHz Crystal + 41/2 Digit 
LCD Display + PC Card + Passive Components 

ICM7225+ICM7207A+5.24288MHz Crystal + 41/2 Digit 
LED Display + PC Card+Passive Components 

ICM7206 + 3.579545MHz Crystal 
ICM7206A +3.579545MHz Crystal 


Common to negative supply, ICM7206BEV/KIT ICM7206B + 3.579545MHz Crystal 

oscillator enabled when key 
depressed 

8 Digit Frequency/Period Counter 

5 Function ICM7226AEV/KIT ICM7226A + 10MHz Crystals PC Card + LEDs + All 

Passive Components 
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APPLICATION NOTE SUMMARY 

The following are brief descriptions of current Intersil Ap¬ 
plication notes. 

A003 UNDERSTANDING AND APPLYING THE ANALOG 
SWITCH 

Introduces analog switches and compares them to 
relays. Describes CMOS, hybrid (FET+driver), J- 
FET “virtual ground” and J-FET “positive signal” 
types. Application information included. 

A004 IH5009 LOW COST ANALOG SWITCH SERIES 

Compares the members of the IH5009 “virtual 
ground” analog switches and provides suggested 
applications. 

A005 THE 8007 — A HIGH PERFORMANCE FET INPUT 
OP AMP 

Compares the 8007 with the 741, which is pin com¬ 
patible and suggests applications such as logantilog 
amplifier, sample and hold circuit, photometer, peak 
detector, etc. 

A007 USING THE 8048/8049 MONOLITHIC LOG-ANTI¬ 
LOG AMPLIFIER 

Describes in detail the operation of the 8048 logar- 
ithmetic amplifier, and its counterpart, the 8049 anti¬ 
log amp. 

A011 A PRECISION FOUR QUADRANT MULTIPLIER — 
THE 8013 

Describes, in detail, the operation of the 8013 ana¬ 
log multiplier. Included are multiplication, division, 
and square root applications. 

A013 EVERYTHING YOU ALWAYS WANTED TO KNOW 
ABOUT THE 8038 

This note includes 17 of the most asked questions 
regarding the use of the 8038. 

A015 DESIGN FOR A BATTERY OPERATED FREQUEN¬ 
CY COUNTER 

Describes a low cost battery operated frequency/ 
period counter using the 7207A and 7208. Includes 
specifications, schematics, PC layout, etc. 

A016 SELECTING A/D CONVERTERS 

Describes the differences between integrating con¬ 
verters and successive approximation converters. 
Includes a checklist for decision making, and a note 
on multiplexed data systems. 

A017 THE INTEGRATING A/D CONVERTER 

Provides an explanation of integrating A/D convert¬ 
ers, together with a detailed error analysis. 

A018 DO’S AND DONT’S OF APPLYING A/D CON¬ 
VERTERS 

An analysis of proper design techniques using D/A 
converters. 

A019 41/2 DIGIT PANEL METER DEMONSTRATION/IN¬ 
STRUMENTATION BOARDS 
Describes two typical PC board layouts using the 
8052A/7103A 4y2 digit A/D pair. Includes schemat¬ 
ics, parts layout, list of materials, etc. Also see 
A028. 


A020 A COOKBOOK APPROACH TO HIGH SPEED 
DATA ACQUISITION AND MICROPROCESSOR IN¬ 
TERFACING 

Uses the building block approach to design a com¬ 
plete 12 volt system. Explains the significance of 
each component and demonstrates methods for mi¬ 
croprocessor interfacing, including the use of con¬ 
trol signals. 

A021 POWER D/A CONVERTERS USING THE ICH 8510 
Detailed analysis of the 8510. Included are a sec¬ 
tion describing the linearity of the device and appli¬ 
cation notes for driving servo motors, linear and ro¬ 
tary actuators, etc. Also see A026. 

A022 A NEW J-FET STRUCTURE — THE VARAFET 

Describes in detail the operation of the varafet, a 
standard J-FET with the analog gate interfacing 
components monolithically built-in. 

A023 LOW COST DIGITAL PANEL METER DESIGNS 

Provides a detailed explanation of the 7106 and 
7107 31/2 digit panel meter IC’s, and describes two 
of the evaluation kits available from Intersil. 

A026 DC SERVO MOTOR SYSTEMS USING THE 
ICH8510 

This companion note to A021 explains the design 
techniques utilized in using the ICH8510 family to 
drive closed loop servo motor systems. 

A027 POWER SUPPLY DESIGN USING THE ICL8211 
AND ICL8212 

Explains the operation of the ICL8211/12 and de¬ 
scribes various power supply configurations. Includ¬ 
ed are positive and negative voltage regulators, 
constant current source, programmable current 
source, current limiting, voltage crowbarring, power 
supply window detector, etc. 

A028 BUILDING AN AUTO RANGING DMM WITH THE 
ICL7103A/8052A CONVERTER PAIR 
This companion app note to A019 explains the use 
of the 8052A/7103A converter pair to build a ±4y2 
digit auto ranging digital multimeter. Included are 
schematics, circuit descriptions, tips and hints, etc. 

A029 POWER OP AMP HEAT SINK KIT 

Describes the heat sinks for the ICH8510 family. 
These heat sinks may be ordered from the factory. 

A030 THE ICL7104: A BINARY OUTPUT A/D CONVERT¬ 
ER FOR MICROPROCESSORS 
Describes in detail the operation of the 7104. In¬ 
cludes in digital interfacing, handshake mode, buffer 
gain, auto-zero and external zero. Appendix in¬ 
cludes detailed discussion of auto-zero loop residu¬ 
al errors in dual slope A/D conversion. 

A031 COIL DRIVE ALARM DESIGN CONSIDERATIONS 
Explains the procedure used when using watch cir¬ 
cuits to drive piezoelectric transducers. 

A032 UNDERSTANDING THE AUTO-ZERO AND COM¬ 
MON MODE PERFORMANCE OF THE ICL7106/ 
7107/7109 FAMILY 

Explains in detail the operation of the ICL7106/7/9 
family of A/D Converters. 
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A046 BUILDING A BATTERY OPERATED AUTO RANG¬ 
ING DVM WITH THE ICL7106 
Explains principles of auto ranging, problems and 
solutions. Includes clock circuits, power supply re¬ 
quirements, design hints, schematics, etc. 

A047 GAMES PEOPLE PLAY WITH A/D CONVERTERS 
Describes 25 different integrating A/D converter ap¬ 
plications. Input circuits, conversion modifications, 
display and microprocessor interfaces are shown In 
detail. 

A050 USING THE IT500 FAMILY TO IMPROVE THE IN¬ 
PUT BIAS CURRENT OF BIFET OP AMPS 
A brief description of a preamplifier for BIFET OP 
AMPS. 

A051 PRINCIPLES AND APPLICATIONS OF THE 
ICL7660 CMOS VOLTAGE CONVERTER 
Describes internal operation of the ICL7660. In¬ 
cludes a wide range of possible applications. 


A052 TIPS FOR USING SINGLE CHIP 31/2 DIGIT A/D 
CONVERTERS 

Answers frequently asked questions regarding the 
operation of SVa digit single chip A/D converters, 
included are sections on power supplies, displays, 
timing and component selection. 

A053 THE ICL7650 A NEW ERA IN GLITCH-FREE 
CHOPPER STABILIZER AMPLIFIERS 
A brief discussion of the internal operation of the 
ICL7650, followed by an extensive applications sec¬ 
tion including amplifiers, comparators, log-amps, 
pre-amps, etc. 

A054 DISPLAY DRIVER FAMILY COMBINES CONVE¬ 
NIENCE OF USE WITH MICROPROCESSOR IN- 
TERFACEABILITY 

Compares and describes the various display drivers. 
Includes design examples for 7 segment. Alpha-nu¬ 
meric, and bargraph systems. 


PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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SQ* denotes a two lead package; center lead missing. 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



TO-92 with ICO Mil Leads Spacings Add (-2) to Standard Part Number 


(2.540) 



TO-92 Lead Form to TO-5 Pin Circle Add (-5) Suffix to Standard Part Number 


.100 

(2.540) 



TO-92 TO-92 Lead Form to TO-18 Pin Circle Add (-18) Suffix to Standard Part Number 
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TO-92 TAPING SPECIFICATIONS AND WINDING STYLES 


STYLES ^ 
E,F,G,H,M 
(S«e Below) 




Extraction Force 
Min 300gf 


Styles 

A,B,C.O,P 
(See Below) 




(EIA STD RS468) 


p 

12.7 ± 0.5 

Ho 

16 ± 0.5 

Po 

12.7 ± 0.2 

F 

5-o:l 

Pi 

3.85 ± 0.5 

Fi -F2 

±0.3 

P2 

6.35 ± 05 

Do 

4 ±0.2 

P3 

6.35 

t 

0.7 ± 0.2 

W 

8-05 


0±1 

Wo 

6±1 

d 

0.050 !§§ 5 dia. 

Wi 

9 ± 0.5 

R 

0.8 

W2 

Max. 0.5 

a 

45®C-60°C 

W3 

Min. 4.5 

L 

Max. 11 

H 

19.5 ± 0.5 

Ac 

0±0.5 


All Dimensions in Millimeter 


STYLE A 

STYLE A IS PREFERRED 


STYLE E IS A PREFERRED STYLE 



ROUNDED SIDE 
ADHESIVE TAPE 
CARRIER STRIP 


ROUNDED SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 




ADHESIVE TAPE 
CARRIER STRIP 


FLAT SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 

ST YLE F 


gT YLE P 

ROUNDED SIDE 



ADHESIVE TAPE ON 
REVERSE SIDE 
CARRIER STRIP 



ROUNDED SIDE BOUNDED SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 

" STYLE P IS EQUIVALENT TO STYLES A. B, C, D OF REEL 

ADHEIWE TM*E ON PACK DEPENDING ON WHICH BOX-FLAP IS OPENED AND 
/ REVERSE SIDE WHICH END OF THE BOX THE DEVICES ARE FED FROM. 
CARRIER STRIP 



CARRIER STRIP 
ADHESIVE TAPE 
ROUNDED SIDE 



CARRIER STRIP 
FLAT SIDE 


CARRIER STRIP 
ADHESIVE TAPE 
FLAT SIDE 


FLAT SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE 




ADHESIVE TAPE 
CARRIER STRIP 



ADHESIVE TAPE TRANSISTOR AND ADHESIVE TAPE VISIBLE 

ON REVERSE SIDE STYLE M AMMO PACK IS EQUIVALENT TO STYLES E. F, G, H 


CARRIER STRIP 
ROUNDED SIDE 
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ORDERING INFORMATION 


Typical Quantities 

TO-92 Standard Lead Forms 

Lead Form Suffix 

1800 Units Per Reel 

3000 Units Per Ammo Box 

TO-18 Pin Circle 

-18 


TO-5 Pin Circle 

-5 


100-Mil Leads Spacing 

-Z 



TO-92 Taping Specifications and Winding Styies 

Styie 

Packaging 

Suffix 

A 

Reel 

-TA 

B 

Reel 

-TB 

C 

Reel 

-TC 

D 

Reel 

-TD 

E 

Reel 

-TE 

F 

Reel 

-TF 

G 

Reel 

-TG 

H 

Reel 

-TH 

P 

Ammo Box 

-TP 

M 

Ammo Box 

-TM 


PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



8 LEAD CERDIP (JA) 



0.310 ± 0.010 
‘ (7.87 ± .25) 


.030 (.762) 


8 LEAD PLASTIC (PA) 


0.770 

(19.56) 

0.344-.0.364 MAX DIA. 
(8.74-9.25) 






J_SEATING PLANE 




0.040 II U. U03—IM.U 

(2.16-2.5^ 


0.500 

1^5;^ R ,(30.02-30.27), 
±.010 
(.254) ^ 



(12.057-12.082) 
LEAD CIRCLE 


(7) PLCS 

8 LEAD TO-3 METAL CAN (KA) 


16-14 









PACKAGE OUTLINES All dimensions given in inches 




0.240 (6.( 
0.220 (5.1 


0.006 (0.152) 0.070 (i; 

0.004 (0.102) 0.040 (1.( 

10 LEAD FLATP^ 


16-15 


(millimeters). 













PACKAGE OUTLINES All dimensions given In inches and (millimeters). 
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-0 .310 ± 0.010 
(7.874 ± 0.254) 





















PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



20 LEAD CERDIP (JP) 


0.310 ± 0.010 



20 LEAD PLASTIC (PP) 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 


^DINnHi^OIL 




24 LEAD CERDIP WITH WINDOW (JG/W) 







PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 


QDI^SHi^DIL 
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BDmii^DIL 


PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



BACK 

VIEW 















PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



_.394±.0Q8 2 pLcs 
( 1 . 0 ± 0 . 2 ) 



.031 ±.006 
( 0.8 ± 0 . 15 ) 

NON ACCUMULATIVE 
^TYP 


.014±.004 YYp 
|0.35±0.1) 



.035±.004 
f (0.9±0.1) 


NOTE 1: PART MUST COMPLY TO SPECIFICATION. 

2: DIMENSIONS IN PARENTHESIS ARE IN MILLIMETERS. 
3: PART IS SYMMETRICAL ABOUT THE CENTERLINES 

(Cl) shown. 


4 (0.15±0.05) 

44 LEAD PLASTIC FLATPACK (M44) 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 
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^DIFiinnl^DIL 


PACKAGE OUTLINES All dimensions given in inches and (millimeters). 


DATUM PLANE 




68 LEAD CONTACT (PLCC) 
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Anything’s 


possible w$th 
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Great Engineering 
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